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you more correctly or 
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your easy riding prob- 
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should employ that 
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Chronicle and Comment 





Motorboat Meeting in August 


LL motorboat enthusiasts will turn toward New York 

City and Manhasset Bay in August when the gold 

cup regatta will be held. At that time the Society will 

hold its annual Motorboat Meeting, an event that will 

be a great attraction to many engineers. The general 

plans for this meeting are outlined on p. 15 of this 
issue of THE JOURNAL. 


Summer Meeting Account in This Issue 


T is always a pleasure for those who have enjoyed an 

experience to retrace the steps that proved to be so 
agreeable. For this reason some 760 persons who at- 
tended the recent Summer Meeting should be interested 
to read the news story of the meeting and to study the 
many illustrations that accompany it in this issue of 
THE JOURNAL. To those who were not able to go to 
White Sulphur Springs the story will be welcome inas- 
much as it brings to them an authentic and complete 


summary of events that have contributed largely toward 
the Society’s welfare. 


Research Committee Meeting 


HE Research Committee met on Thursday, June 18, 
at White Sulphur Springs. The progress of the 
Highways Committee on road impact-tests was reviewed. 
A report of this is given in detail under Automotive 
Research in this issue of THE JOURNAL. An investiga- 
tion of road illumination is in progress. Two new sub- 
committees have been appointed to carry out such re- 
searches as may be desirable. One of these subcommit- 
tees is expected to devote attention to important optical 
phenomena; the other will examine the present head- 
lamp equipment and report on its suitability or short- 
comings in meeting the present recommended practice. 
It was pointed out at the Research Committee meet- 
ing that the cooperative fuel-research has progressed to 
such an extent that the causes of dilution and contam- 
ination of oil so far published from time to time in THE 
JOURNAL may be enunciated as the most important ones. 
Recognition of these causes and the providing of means 
to counteract them were thought to be now of most im- 
portance. 


The riding-qualities preblem and factors causing gears 


] 


to be noisy were also discussed in an effort to arrive at 
a thorough understanding of these problems. 


Cleveland Boosts Production Meeting 


“MERTAINLY our Cleveland Members are not going 
to sit quietly by and allow the 1925 Annual Pro- 
duction Meeting to be “just another Production Meet- 
ing.” They have already begun in earnest to “tell the 
world” that they are firmly behind the Society in this 
undertaking and that they will not be satisfied with any- 
thing short of a huge response to the committee’s efforts 
to arrange the most attractive and valuable meeting of 
the kind that has ever been held. In an announcement 
that was circulated at White Sulphur Springs the Cleve- 
land Section made clear the desire to have a large at- 
tendance and invited all members to come prepared for 
a big event. 

The American Society for Steel Treating, with which 
our Society is cooperating, has entered the project with 
a most generous spirit and has offered every facility for 
the entertainment of our members on an equal footing 
with its own. That organization’s exposition of ma- 
chine tools and production equipment will be a truly 
great attraction and should draw many members who 
would not otherwise attend. The product of some 170 
manufacturers of machine tools and heat-treating equip- 
ment will be displayed, most of it in actual operation. 

The technical sessions of the Society will be held on 
Sept. 14, 15 and 16 and will specialize on gears, sheet 
steel and its fabrication, gaging and inspection, machine’ 
tools and the training of foremen and mechanics. 

Special entertainment for both ladies and gentlemen 
will be provided. A dance, as well as other diversions, 
will be featured. 


The Difference between Engineering and Business 


RESIDENT HORNING said in his address at White 

Sulphur Springs that he had been impressed greatly 
in late years by the wide divergence in many cases be- 
tween designs of product as sold and what engineers 
believe to be the best design. Furthermore, it is sig- 
nificant that scme of the greatest commercial successes 
seem to violate what is considered high-class engineering. 
Mr. Horning continued, the engineer finds that the world 
has a point of view that differs greatly from the ideals 
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the engineer holds. He attributed this incongruity to 
the difference between the world of economics and the 
world of engineering. The engineer who deserves the 
name must have had constant training in the controlling 
of natural forces and in the observing of one such force. 
In the world of business, however, the engineer is faced 
with the problem of working out devices that will appeal 
to the idiosyncracies of people in general. Here, the 
engineer encounters, instead of the needs of one man 
or one nature, the needs of all men and all natures. 

In connection with waste, the difference between the 
engineer’s attitude of mind and the “economic” point of 
view is very marked. With respect to engine fuel, for 
example, Mr. Horning defined theoretical waste as the 
difference between the quantity of the commodity com- 
monly used and the lowest quantity necessary under 
known methods, taking into consideration the quantities 
alone and disregarding all other economic factors. Prac- 
tical waste, in turn, resides in the difference between the 
quantity commonly used and the smallest quantity that 
will give economic satisfactory returns. The difference 
between theoretical saving and practical saving is the 
difference between the scientific and the economic atti- 
tudes. Science endeavors to control all factors and to 
observe the behavior of one factor in a world of con- 
stancy and isolation, whereas economics is interested 
essentially in one economic factor which is under the 
influence of all other economic factors that determine 
the utility of the one factor in a world of perfect co- 
ordination. 

This condition is the measure of the decision every 
engineer must make in forming his devices and in con- 
sidering their probable acceptance in the world of 
reality. A product must survive an endless list of 
“econemic”’ tests before it can become stable and satis- 
factory in the world market. 

Herein lies the most perplexing problem of the en- 
gineer, as well as the crux of the conflict between en- 
gineering and all other elements of industry. Here the 
engineer is put to the test on penalty of being rendered 
useless in the larger phases of the industry. The en- 
gineer, Mr. Horning said, has so many decisions to make 
in developing a preduct, that, compared to other en- 
deavors in industry, the chances are about 10 to 1 against 
him. And he cannot make use of “alibis,” for no one 
other than an engineer understands his language. 

Mr. Horning expressed the opinion that some men who 
apparently had no engineering background have had 
great commercial success with their finished designs. 
The reason was that they knew their public and how to 
satisfy it. Engineers in general are too apt to devote 
their lives exclusively to engineering problems. They 
should spend a good part of their lives in study of the 
likes and dislikes of the public. Only contact with every 
possible phase of his product and with the real world 
of men will emancipate the engineer. 

The object of science is to find and unfold the truth 
for the purpose of changing the order of life and raising 
the standard of living by releasing men from physical 
limitations. 


Highway Safety 


NE of the most illuminating high-spots of the Sum- 

mer Meeting held at White Sulphur Springs last 
month was the address of Col. A. B. Barber, director of 
the National Conference of Street and Highway Safety. 
Colonel Barber is a West Point graduate who has had 
unusual experience in organization matters here and 
abroad. He is the manager of the Transportation Di- 
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vision of the Chamber of Commerce of the United States. 

Past-President Kettering, in his remarks at the High- 
way-Safety Session of the Summer Meeting said that, if 
any member of the Society has not read the report of the 
Motor Vehicle Committee of the National Conference on 
Street and Highway Safety, he should do so. The re- 
port of this Committee, of which Past-President Crane 
was Chairman, was printed substantially in full in the 
January, 1925, issue of THE JOURNAL. 

In opening his address, Colonel Barber stated that it 
is not only congestion that retards the natural growth of 
the automobile industry; the growing accident toll on 
street and highway also constitutes a barrier to fullest 
development. Colonel Barber’s main purpose was to out- 
line the opportunities of the automotive engineer to 
contribute to the improvement of the traffic situation. 
He classified these under three headings: (a) automotive 
engineering proper, (6) allied traffic engineering and 
traffic control and (c) nation-wide movement to promote 
improvement of the traffic situation. 

The speaker pointed out that the vast majority of 
accidents on highways are due to other than mechanical 
causes; he said that the best estimates indicate that not 
more than 24% to 5 per cent of fatalities are the direct 
result of defects in the vehicle. He felt, however, that, 
in view particularly of the contributory influence of de- 
sign and construction in accidents, room exists for im- 
provement of the vehicle in the interest of safety. 

Mr. Kettering promised the full cooperation of auto- 
motive engineers in improving the conditions as much as 
possible. Colonel Barber expressed the conviction that 
the automotive engineers who are handling the matters 
involved for the various manufacturing companies can 
be depended upon to carry on an aggressive program for 
the further improvement of motor vehicles along the 
lines outlined in the report of the Motor Vehicle Com- 
mittee. No stone should be left unturned to develop and 
secure the adoption of the best practices. The confer- 
ence on Street and Highway Safety is leaving the ques- 
tion of motor-vehicle design and construction on the 
basis set forth in the report of the Motor Vehicle Com- 
mittee. The members will recall that the main topics 
discussed in the report of that Committee are: controls, 
brakes and braking, steering-gears and steering, driver 
vision, lights, signals, anti-skid and traction devices, 
tires, bumpers, anti-theft locks, speed governors, in- 
spection and legislation and regulation. Copies of the 
report can be secured from the Conference on Street and 
Highway Safety, Department of Commerce, City of 
Washington. 

Colonel Barber submitted figures indicating that on a 
comparative passenger-mileage basis the ratio is 10 to l 
in favor of the railroad from the standpoint of safety as 
compared to the motor vehicle as a mode of conveyance. 
Of course, for generations everybody has been warned 
from childhood to beware of railroad trains. However, 
marked improvement has been made in recent years in 
railroad safety figures. The steam train obviously has 
the advantage of running on a private right-of-way with 
a thoroughly established signal system and with trained 
engine crews and dispatcher service. However, great 
room for improvement at grade crossings of railroads 
exists, and, in turn, the methods of the railroads must be 
more and more approximated in the control of high- 
speed motor-vehicle traffic now coming into vogue with 
the construction of special highways. As was stated by 
Colonel Barber, fatalities result from endeavoring to 
pass large volumes of traffic through principal arteries 
of traffic without proper facilities or traffic-control. 
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SUMMER MEETING “RINGS THE BELL” 


Nearly 800 Members and Guests Enjoy Program at 
White Sulphur Springs 


Seven technical sessions pertaining to noise research, 
lubrication and fuel utilization, highway safety, gasoline- 
electric motorcoaches and rail-cars, riding-qualities, brakes 
and transmissions; athletic events including golf, tennis, 
baseball, horseshoe pitching, trapshooting, swimming, 
archery and field sports; a reception, dancing, card parties 
and musicales were among the activities that appealed most 
strongly to some 760 members and guests of the Society 
who assembled at White Sulphur Springs, W. Va., June 16 
to 19, for the Summer Meeting. Over 200 ladies found 
pleasant relaxation in the charming environment of this 
meeting place that always fascinates those who visit it. 
Nothing serious happened to mar the pleasures of the four 
joyous days. Rainfall on two of the afternoons necessitated 


slight rearrangements of the program but worked no great 
inconvenience. 


G. A, Green J. H. Hunt 
Motorcoach and Rail-Car Noise Research 


CHAIRMEN AT FOUR OF THE TECHNICAL SESSIONS 


3 


MEETINGS OF THE 





Seldom, if ever before at a Summer Meeting, has so large 
a percentage of the members taken advantage of the tech- 
nical sessions. The assemblage at two of the sessions at 
least, those on noise-research and highway safety, was suf- 
ficient to comfortably fill the meeting room, some 450 per- 
sons being present. The papers were replete with informa- 
tion of timely interest and were well delivered in practically 
every instance. The demonstration of equipment applying 
to the topics under discussion and the ample display of illus- 
trative material helped to make the engineering features 
clear and the discussion very palatable. 


PUBLIC ADDRESS SYSTEM USED 


Through the courtesy of the Bell Telephone Laboratories, 
Inc., a public address system of voice amplification was in- 
stalled in the meeting room. No better commentary can be 
made than that those in the remote corners of the room 
heard perfectly every word that was spoken, all without 
realizing that this was being accomplished by artificial 
means. 


H. C. Snook, of the Bell Telephone Laboratories, Inc., who 


W. R. Strickland E. P. Warner 
Brake Riding-Qualities 
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presented the address on noise-research, and his assistant, 
Mr. Blattner, who handled the equipment, are deserving of 
commendation for their efforts toward making the meeting 
a success as mentioned above. 


SPORTS WELL MANAGED 


Under the able direction of L. Clayton Hill, former as- 
sistant general manager of the Society, who was assisted by 
a capable corps of helpers, the program of athletic events 
was conducted with smoothness and dispatch. Owing to the 
rain on two afternoons the sports schedule had to be some- 
what altered but no difficulties were experienced in this con- 
nection. A large array of very attractive prizes were 
awarded to successful competitors; ladies, gentlemen and 
children. 

Golf was the most popular outdoor attraction for both 
ladies and gentlemen. The three splendid courses afforded 
ample facility for all who cared to indulge their fancy. 


THE PRIZE FUND 


Each year the Society receives from various organizations 
many offers of assistance in connection with the prizes 
awarded for Summer Meeting Sports events. This year it 
was deemed advisable to make it possible for such organiza- 
tions to express in tangible form their interest in the activ- 
ities of the Society’s members by subscribing to a prize fund 
made up of individual subscriptions not exceeding $10 each. 
The response to the announcement of this plan greatly ex- 
ceeded the expectations. Thus a sizable balance remains 
for next year’s prize fund. A list of names of the bodies 
that so generously supported this project was displayed at 
the meeting. 


A STORY OF THE MEETING 


On the following pages will be found in detail a news 
account of the important features of the meeting. It is im- 
possible in such a story to convey fully the true atmosphere 
of the meeting but it may safely be stated that all who 
came felt a twinge of regret when the meeting drew to its 
close. Not a few inquired about returning to White Sul- 
phur Springs next year. 


THE MEASUREMENT OF NOISE 


Interesting Demonstration of Apparatus a Feature of 
Noise Research Session 


What is noise? Did you know that noise can be meas- 
ured? Did you hear H. C. Snook of the Bell Telephone Lab- 
oratories, Inc., at the Noise Research Session held at the 





INTERESTING APPARATUS USED IN THE NOISE RESEARCH SESSION 








H. C. SNooK ae 


. BUCKWALTER 


Summer Meeting, White Sulphur Springs, W. Va., June 16, 
talk into a microphone and at the same time actually see 


projected upon the screen the size and shape of the sound 
waves caused by his voice? 


PHYSIOLOGICAL EFFECT OF SOUND 


The physiological effect of sound on the individual was 
aptly demonstrated by sending different tones through the 
amplifiers to ascertain how quickly they were noticed. The 
fact that the intensity of sound varies as the head is moved 
from side to side was also brought out. 

According to Mr. Snook the presence of noise affects the 
audibility of other sounds and reduces the intelligibility of 
speech. This reduction is what is known as “masking,” and 
to understand this effect it is necessary to understand the 
mechanism of the ear. Some very interesting slides pic- 
turing the construction of the outer, middle and the inner 
ear were then shown. 

Investigation has revealed that the ear drum transforms 
energy received into a form suitable for the inner ear. 
Tests have proved that the things we hear are not the 
things presented for hearing, that, in fact the response 
of the ear is incorrect. 

The masking of one tone or sound by another is a compli- 
cated process. In explaining it, the speaker demonstrated 
how the ear is incapable of hearing a particular sound in the 
presence of a second sound until the intensity of the first 
has overcome the masking effect produced by the vibration 
of the basilar membrane. This basilar membrane is a part 


of the inner ear, along which the terminals of the auditory 
nerves are located. 


WHAT AUDIOGRAMS SHOWED 


Slides were thrown on the screen which illustrated the 
individual variations to the non-linear response of normal 
ears to sound according to data based upon the responses 
of a number of individuals. Audiograms indicated that the 
frequencies and the intensities used in hearing vary over a 
wide range. Some higher levels in the hearing region evi- 
dently are bounded by a line, a critical threshold of feeling. 
Values of higher intensity than that indicated by this line 
produce a sensation of pain. 

Emphasis was placed on the fact that the disturbances 
called sound take place in the air at a velocity of approxi- 
mately 1100 ft. per sec. Through various metals and wood 
the velocity is much higher and naturally differs for each 
material, for instance in steel the approximate sound ve- 
locity is 17,200 ft. per sec. 


VELOCITY OF SOUND IN CHASSIS 


The chassis of the average automobile is from 10 to 15 
ft. in length and is made up of materials through which 
sound has high velocities. Two thousand cycles would be 
more than 8 ft. long in the automobile, for all frequencies 
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lower than the wave length in the car would be many times 
the chassis length. 

The noise radiated by an automobile frame or body may, 
of course, be emitted from all surfaces extremely well. This 
means that the engineer must consider the original sound 
source, the intervening conducting medium and the radiating 
surface, all of which are agencies directly connected with the 
noise detected. 

Mr. Snook concluded his paper by stating that, since no 
statistical study had been made of the acuity of hearing of 
the automobile buying public, no data are available for 
establishing the maximum noise loudness that will be in- 
audible to automobile buyers. It therefore seems advisable 
to base loudness measurements of automobile noise upon the 
difference of energy between the measured sound and an 
arbitrary standard of sound which is the threshold of normal 
hearing. 

The following apparatus was used by Mr. Snook to illus- 
trate the measurement of noise. 


2 2A Western Electric Audiometers 

1 3A Western Electric Audiometer 

1 Special double amplifier, 2 separate amplifiers in 
one box 

25A power amplifiers 

2 Large 3-ft. diameter cone-type loud speaker radia- 
tors, special laboratory type 

Large horn-type sound projectors of special labora- 
tory type 

1 High quality telephone transmitter with microphone 

of double-button type 
2 Demonstration-type projection oscilloscopes 


At the close of the paper, Chairman J. H. Hunt opened the 
discussion by asking T. V. Buckwalter, of the Timken Roller 
Bearing Co., to give his views on noise as connected with 
the manufacture of roller bearings. Mr. Buckwalter stated 
that there was some question as to what noises should be 
permitted in bearings. To determine the reasons for noise, 
his company had the University of Michigan make a study 
of the problem. The equipment finally developed was that 
demonstrated by Floyd Firestone at the Research Session of 
the Annual Meeting of the Society held in Detroit, Jan. 20, 
1925. 

That bearings must be made geometrically accurate has 
been definitely proved. With the apparatus that has been 
constructed as a result of the investigation by the University 
of Michigan, some 50,000 bearings a day are passed or re- 

‘eted and any noise epidemics that may occur are located. 


BUSINESS SESSION 





axseasurer’s and Committee Reports Presented, Also 
President’s Address 


The 1925 Semi-Annual Business Session of the Society was 
convened on Tuesday evening. The Treasurer’s report, as of 
May 31, and also the reports from the Meetings Committee, 
the Sections Committee, the Membership Committee, the 
Research Committee, the Highways Committee, the Publica- 
tion Committee and the Standards Committee were dis- 
tributed in pamphlet form. The report of the Treasurer was 
accepted at the adjourned Business Session held on Friday 
afternoon. The action of the Standards Committee on vari- 
ous recommendations of its Divisions was voted upon fa- 
vorably, as approved by the Council. The substance of the 
various reports is given elsewhere in this issue of THE 
JOURNAL. 

In his address President Horning expressed gratification at 
the recent increase in the membership of the Society. He 
spoke with deep interest of his attendance at many meetings 
of the Sections this year, and particularly of his participa- 
tion in the organization meeting of the Southern California 
Section. 

Mr. Horning referred to the cooperative fuel-research work 
of the Society as being of so definite a nature that every 
internal-combustion-engine designer can make use of it to 
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raise the standard of automotive equipment. He predicted 
that the yield of gasoline from crude oil will exceed greatly 
that of the past in proportion. He felt that great develop- 
ment is impending in the petroleum industry. He saw no 
prospect of gasoline shortage for several generations, stat- 
ing that the sources from which engine fuel may be expected 
are remarkable in extent. 

F. S. Duesenberg, F. E. Watts and L. L. Williams were 
named as members at large of the annual Nominating Com- 
mittee of the Society. 


INTERESTING REPORTS PRESENTED 





Treasurer Whittelsey and Chairman of Various Com- 
mittees Summarize Activities 


In the last 15 years, the Society has built up a reserve 
of approximately $135,000. The income each year has been 
more than $10,000, on the average, in excess of expense; 
save in the case of one year in which a deficit was authorized 
in the budget. 

The figures of the accompanying tables will be of interest 
to many members. 


INCOME AND EXPENSE COMPARISON FOR 8 MONTHS, OCT. 1, 
1924, TO MAY 31, 1925, AND OcT. 1, 1923, TO MAy 31, 1924 
8 Months 


Oct. 1 to May 31 


Income and Expense 
Income 


1924-1925 1923-1924 
Dues and Subscriptions $48,788.46 $48,513.82 
Other Income 91,076.01 104,616.25 
ToTaL INCOME $139,864.47 $153,130.07 
Expense 
Publications $43,919.04 $36,821.54 
Sections 9,314.93 11,921.17 
Research 10,904.79 7,703.13 
Employment Service 3,029.67 3,324.55 
Standards 16,878.07 16,092.66 
Meetings—Net Cost 12,813.83 12,781.87 
General Expense 54,778.17 52,064.41 
TOTAL EXPENSE $151,638.50 $140,709.33 
Net Unexpended Income $12,420,74 
Excess of Expense over 
Income 11,774.03 


COMPARATIVE BALANCE SHEET AS OF MAY 31, 1924, AND 
MAY 31, 1925 
Assets 


1925 1924 

Cash $20,909.41 $10,329.69 
Accounts Receivable 21,721.77 29,193.72 
Securities—Cost Value 136,410.63 133,205.32 
Accrued Interest on Securities 1,342.59 1,977.64 
Inventories 8,742.13 8,224.52 
Furniture and Fixtures 6,913.66 8,078.80 
Items Paid in Advance, Charges 

Deferred 14,769.71 10,650.82 

ToTAL ASSETS $210,809.90 $201,660.51 

Liabilities and Reserves 
Accounts Payable $9,884.67 $9,362.14 
Dues and Miscellaneous Items 

Received in Advance to Be 

Credited Monthly 31,523.62 28,268.26 
Reserve Set Aside for Antici- 

pated Expense 19,221.86 11,097.75 
General Reserve 161,954.28 140,511.62 
Unexpended Income 12,420.74 
Excess of Expense over 

Income 


11,774.03 


ToTAL LIABILITIES AND RE- 


SERVES $210,809.90 $201,660.51 


MEMBERSHIP COMMITTEE REPORT 


Thanks to the splendid support and cooperation that the 
members of the Society have given the Membership Commit- 
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ALFRED REEVES, GENERAL MANAGER OF THE NATIONAL AUTOMOBILE 
CHAMBER OF COMMERCE, WITH HIS GENERAL MANAGER 


tee, an average of 83 applications per month has been re- 
ceived at the Society’s headquarters since Jan. 1, and 117 
applications were received in the month of May. If the 
receipt of applications continues at this rate we will re- 
ceive 1000 applications for the year 1925. 

Since May 31, 1924, the receipt of applications has ad- 
vanced from a low average: of 46 per month to a high 
average of 70 per month for the year just ended. Members 
qualifying have advanced from a low average of 35 per 
month to a high average of 60 per month. Members dropped, 
resigned and deceased fell from a high average of 64 per 
month to about 50 per month. At the present time slightly 
in excess of 500 members owe dues for the current year. It 
is expected that about 40 per cent of these members will 
pay their dues before the end of the fiscal year. This will 
reduce the average number dropped for non-payment of 
dues, resigned and deceased this year to about 40 per month. 
We anticipate a net gain of about 500 members for the 
year. On June 1 about 250 applications were awaiting 
action by the Grading Committee and Council. 

The following is a 2-year comparison of the membership 
by grades on May 31. 














1924 1925 

Members 2,724 2,805 
Service Members 86 80 
Foreign Members 97 101 
Total Member Grade 2,907 2,986 
Associates 1,499 1,639 
Juniors 567 480 
Affiliates 107 112 
5,080 5,217 

Affiliate Representatives 204 202 
5,284 5,419 

Enrolled Students 244 232 
5,528 5,651 


It will be noted that there is an increase in every grade 
except Junior. This is a special grade for young engineers 
under 30 years of age. Membership in the Society would 
probably be of greater benefit to these young men than to 
the older men in the industry. It would certainly increase 
their value to their employers and consequently promote 
more rapid advancement for them. The members are there- 
fore urged to interest the young men in the industry in 
membership in the Society. 


STANDARDS COMMITTEE REPORT 


To make better progress with the more important projects 
assigned to the several Divisions of the Standards Com- 
mittee, many of the less important ones have been definitely 
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discontinued. Allowing for new subjects assigned since 
June, 1924, and not including the 51 subjects discontinued 
in the Aeronautic Division, 23 subjects or 36% per cent of 
those assigned have been discontinued. 

One new Division, the Motorcoach Division, has been added 
to the regular Standards Committee organization, which now 
has 29 Divisions consisting of over 320 members. The Tire 
and Rim Division has been re-established after a year or 
so of inactivity to make a thorough study of existing in- 
dustrial conditions as relating to the possibility of a definite 
tire and rim standardization program. 

Since the Annual Meeting last January, 11 Division and 6 
Subdivision meetings have been held as compared with 7 
Division and 6 Subdivision meetings between June last year 
and the Annual Meeting. 

Twenty-five recommendations by 12 Divisions are being 
submitted to the Standards Committee at this time as com- 
pared to 11 reports by 9 Divisions last January. 

At present only three special and cooperating Committees 
are functioning, (a) Methods of Expressing Limits and 
Tolerances, (b) Patents and (c) Standardization Policy. 

The Society is a sponsor for 7 and is represented on 12 
Sectional Committees organized under the rules of the 
American Engineering Standards Committee, of which the 
Society is a member body. The Society is also represented 
on the American Engineering Standards Committee’s Special 
Committee on Preferred Numbers, which is a system devised 
for geometrical rather than arithmetical progression of 
sizes, dimensions and the like. The Society is also repre- 
sented on 14 committees, boards, commissions, conferences, 
governmental departments and bureaus, societies and asso- 
ciations of societies in connection with standardization and 
related projects. 

Last December the Society sent a delegate to the First 
Pan-American Standardization Conference that was held at 
Lima, Peru, the report of which was printed in the April 
issue of THE JOURNAL. 


MEETINGS COMMITTEE REPORT 


An ambitious program of National Meetings has been 
formulated by the Meetings Committee for the year 1925. 
At its session on Jan. 20, the Committee decided to hold, 
independently or cooperatively, the following events: Trac- 
tor Meeting, National Service Convention and Automotive 
Maintenance Equipment Show, Summer Meeting, Motorboat 
Meeting, Aeronautic Meeting, Production Meeting, Auto- 
motive Transportation Meeting, Service Engineering Meet- 
ing, Annual Dinner and Annual Meeting. 

In has been the intention of the Committee to cover by 
the programs of events outlined above as wide a variety of 
topics as the diversified character of the Society’s member- 
ship would demand. It is the sense of the Committee that 
the subject matter of the various meetings should bring out 
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From Left to Right They Are M. H. Ward, L. W. Williams 
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items of the greatest timely interest and that the subjects 
should be so presented as to provide engineering informa- 
tion of outstanding value. 

The Annual Meeting will be held in Detroit during Janu- 
ary, 1926. It is too early to announce detailed plans for this 
meeting. 

SECTIONS COMMITTEE REPORT 


The Sections Committee and the Society at large take con- 
siderable pride in the inauguration on May 22 of the South- 
ern California Section with headquarters at Los Angeles. 
For some months a very active group has carried on the 
Society’s work with very profitable results. 

The Committee has very carefully investigated the condi- 
tions precedent to the request of the officers of the Min- 
neapolis Section that their Section be considered inactive. 
Owing to changed conditions brought about mainly by the 
pronounced decrease in the activities of the tractor industry 
a great reduction has taken place in the number of mem- 
bers in and around Minneapolis who can be called upon to 
support a Section. The Sections Committee has recom- 
mended to the Council that the Minneapolis request be ap- 
proved. 

A Sub-Committee under the chairmanship of John Younger 
has had in progress an investigation of the possibilities of 
instituting student branches in engineering colleges. It 
seems from the preliminary report of the Committee that 
with a few exceptions the establishment of student branches 
cannot be recommended. This matter is being studied fur- 
ther by the Sub-Committee. 

The Sections Committee has recommended that the fol- 
lowing amendment to the Standard Constitution, By-Laws 
and Rules be approved: 


Add to SB-6, paragraph 1, p. 7, of the Section By- 
Laws, “the member of the Sections Committee for 
each Section shall be ex-officio an active member of the 
Governing Committee of his Section.” 


The Committee has recorded its attitude that the adoption 
of the budget system has improved the handling of Section 
finances and that this system should be continued in the 
future. If any change is made, it should be in the direction 
of more frequent examination of the relation between the 
original budget and the actual expenditures from time to 
time. Development of the budget system must go forward 
with the understanding that the budget estimates for the 
first years must be considered more as rough estimates than 
as documents of finality and precision, characteristics that 
can be expected of estimates prepared with several years’ 
experience as a basis. 

The Committee has recorded its attitude that the total re- 
mittances from the central office of the Society to the Sec- 
tions should in all cases be at least equal to the total sums 
collected as Section dues from members in the Section terri- 
tory. When the initial advance payment directly from the 


_MEETINGS OF THE SOCIETY = 





J. G. Vincent A. D. T. Libby 


treasury of the Society is not required during a given year, 
the excess of this advance payment shall be treated as an 
advance toward the following year’s requirements. 

The Committee has taken action with regard to specific 
items pertaining to financial matters of the various Sections. 

The Committee recommends that the Standard Section 
Constitution, By-Laws and Rules be amended to indicate that 
in case notice of election is received by a member during 
the latter half of the fiscal year, one-half the amount of the 
annual dues should be payable. 

The Treasurer of each Section has been provided with a 
standard set of forms in which financial matters may be 


recorded in a business-like manner and consistently among 
all Sections. 


RESEARCH COMMITTEE REPORT 


The two main lines of activity of this Committee and its 
working staff, the Research Department, are (a) service to 
the members individually and (b) service to the industry as 
represented by the membership as a whole. 

Service to the individual members is rendered through 
personal correspondence in the answering of inquiries, some 
1000 of which have been handled during the half year; 
through the maintenance of a growing information file in 
which may be found references to practically every publica- 
tion of interest to the members of the Society, to which about 
2500 references have been ‘added since January, and through 
the publication of Notes and Reviews and other notices in THE 





WHEN Goop FELLOWS GET TOGETHER 


Herrington, of the Motor Transportation Division of the 
Quartermaster Corps, and President Horning Having a Chat 
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“Mince” Brincs His Dap 


JOURNAL, which cover items of enough general interest to 
warrant printing, some 180 abstracts having gone out to the 
membership in the last 6 months. From time to time tech- 
nical papers and discussions bearing on research topics have 
been prepared and published in THE JOURNAL. 

In the performance of its function as a progressive re- 
search agency, it is believed that the Committee has kept 
and should continue to keep constantly in mind the object 
of predicting so far as is possible the problems that are 
likely to become urgent in the progress of the industry for 
the coming years and providing that active and well-con- 
sidered research projects are in hand with a view to meeting 
the needs of the industry before they become insistent. 

The activities of the Committee along the line just indi- 
cated are represented by a number of projects, papers and 
reports on some of which have been published in detail, and 
other detailed reports are on the program for the Summer 
Meeting, hence it is not necessary in this report to do more 
than call brief attention to these several items of the Com- 
mittee’s work. Among the projects in which the Committee 
and Department are actively interested the following may be 
mentioned: cooperative fuel research, headlighting, riding- 
qualities, gears and the brake safety code. 


HIGHWAYS COMMITTEE REPORT 


The Society jointly with the Rubber Association of Amer- 
ica and the Bureau of Public Roads has taken active interest 
in a study of highway, tire and truck impact-tests. The 
tests in connection with this research are carried out by the 





Two WELL-KNOWN ENGINEERS WHO ATTENDED THE MEETING 
R. 8. Bilis. Prominent in Foss-Hughes Co., (at Left) and C. L 
Sheppy, Chief Engineer, Pierce-Arrow Motor Car Co. (at Right) 


Bureau of Public Roads. The object is to determine with 
suitable instruments the impact forces imparted to the high- 
way as well as to the vehicle under varying conditions of 
speed and load. Particular attention. is given to the un- 
sprung weight, the spring supported weight, the gross 
weight, the condition of the tires, the make of the tires, the 
shape and height of the obstacle and other influential factors. 

To insure accurate measurements, instruments had to be 
designed and calibrated. The results now obtained are of 
immediate interest to automotive engineers because of the 
wealth of data obtained, revealing the forces on the tires, 
the axles, the springs, the brake and steering mechanism 


and indirectly on the frame and all units mounted on the 
frame. 


PUBLICATION COMMITTEE REPORT 


As in past years, the Committee has continued to select 
from among the papers presented at meeting and contrib- 
uted to THE JOURNAL those which are of such importance 
and seem likely to possess such permanence of value as to* 
merit preservation in the TRANSACTIONS. It has also been 
our duty to give advice and counsel in the choosing of papers 
for publication in THE JOURNAL and in deciding upon the 
order of their publication, as well as to deal with such ques- 
tions of accuracy of statement and propriety of form as 
may from time to time arise. The magnitude of the Society’s 
publication work tends to steady growth as the number of 
Section and National Meetings and the number of papers 
presented increase. The total number of pages in the six 
issues of THE JOURNAL, January to June, inclusive, was 
1330, of which 702% pages was text matter. In these six 
issues approximately 70 papers, discussions of papers and 
contributed articles appeared. 

The policy of having THE JOURNAL contain in.the Meet- 
ings of the Society Section news stories of Society and 
Section Meetings held the previous month has been con- 
tinued. In a number of instances special arrangements 
have been made to get these into THE JOURNAL promptly, 
a notable instance being the account of the Tractor Meeting 
at Chicago, April 29 and 30, which appeared in the May 
issue of THE JOURNAL, the last form of which went to press 
on May 1, approximately 36 hr. after the meeting adjourned. 

Part II of the 1923 TRANSACTIONS was issued on March 6. 
This volume consisted of 812 pages and contained 27 papers. 
At the present time Part I of the 1924 TRANSACTIONS is in 
the hands of the printer and it is expected that this volume 
will be mailed to the members not later than Sept. 1. This 
part of the TRANSACTIONS will consist approximately of 760 
pages and will contain 28 papers. At the present time the 
Publication Committee is considering the list of papers to 
be included in Part II of the 1924 TRANSACTIONS. 

In selecting papers for the TRANSACTIONS, the Commit- 
tee’s policy has been to include those contributions present- 
ing the results of important researches on fundamental 
problems, those in which the present state of an art is so 
fully and impartially discussed that they will possess dis- 
tinct historical value in the future and exceptionally broad 
treatment of methods used and problems encountered in 
production, service or operation. Descriptions of proprietary 
devices are not in general included except in the cases of 
devices having come into wide use and covered in papers 
giving an analysis of principles or a report of tests of some 
sort in addition to a mechanical description. Many papers 
of unquestioned interest and usefulness fail of acceptance 
for the TRANSACTIONS because that interest and usefulness 
are adjudged likely to be only temporary, and the TRANs- 
ACTIONS are intended to bear the stamp of permanence, to 
carry real additions to the structure of engineering knowl- 
edge, to be worthy of lasting preservation in any engineer’s 
library. 

The practice of furnishing reprints of papers to authors 
and interested organizations has been continued. Some 10 
or more reprints were handled by the Publication Depart- 
ment since Jan. 1. These reprints range all the way from 
100 copies of a single page to 25,000 copies of an 8-page 
pamphlet. In connection with the reprint work, mention 
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THREE OF THE AUTHORS AND THE CHAIRMAN OF THE LUBRICATION SESSION 


should be made of the American Aeronautical Safety Code, 
which will be published as soon as it is formally approved 
by the Society and the American Engineering Standards 
Committee. This will be a 52-page pamphlet of approxi- 
mately 9 x 12 in. in size. 

The congested condition that has prevailed for the last 18 
months as regards the text pages of THE JOURNAL still con- 
tinues. Numerous papers of merit have either to be con- 
densed considerably to publish them at all, or else publication 
has to be long deferred because of lack of space. At the 
present time 23 papers have been approved for publication, 
19 are being considered and 16 others have been sent out 
to authors and discussers for the correction of their remarks. 


MOVING PICTURES OF OIL FLOW 


Glass Bearing Shows Oil Being Squeezed-Out Under 
Load and at Low Speed 


The visible features of the Lubrication Session on Wednes- 
day forenoon that proved highly absorbing to a large audi- 
ence were the moving pictures of the flow of oil in a glass 
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bezring, which were shown in connection with the paper 
on oil flow presented by D. P. Barnard, 4th, research engi- 
neer of the Standard Oil Co. of Indiana; the model demon- 
stration of the Rushmore steam-cooling system demonstrated 
by A. G. Herreshoff in connection with A. Ludlow Clayden’s 
paper on engine lubrication, and the out-in-the-rain demon- 
stration of the fundamentals of engine cooling made by 
President Horning. The moving picture, which was made at 
the Massachusetts Institute of Technology, had a high in- 
structive value, showing how lubricating oil in a high- 
speed plain bearing at various speeds and loads takes a spiral 
course and is forced out at the bearing ends, leaving the 
high-pressure area at the top of the bearing dry at very 
low speed under load. 

In opening the session, Chairman Neil MacCoull made the 
observation that automotive engines wear out too fast, but 
that the rapidity of wear can be reduced, as instanced by 
some motorcoaches that have run 200,000 miles, that the 
rate at which an engine will warm-up and cool-down affects 
the rate of wear and that the use of an excess of lubricating 
oil in many cases causes carbon deposit. 

Mr. Barnard’s paper was delivered first. The speaker 
called attention to the great importance of investigation of 





LARGE GALLERY WATCHES PRESIDENT HORNING DEMONSTRATE His STBAM-COOLING SET-UP 
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WuHo Sarip “It AIN’T GONNA RAIN No Mo’’? 


President Horning and His Demonstration of Steam Cooling That 
Turned Out To Be Mostly Rain Cooling 


the flow of oil in a bearing and the dissipation by the oil 
alone of the heat generated in the oil. A cylindrical bearing 
of automobile type acts as an oil pump, he said, carrying 
the oil around without any axial movement when the bear- 
ing is not subjected to a load: Under load, a wedging action 
on the oil-film occurs and the direction of the oil flow is 
determined by the amount of load, all flow being a viscous 
flow. The pressure of the oil-film supports the load. As 
the position of the journal changes, the oil is forced out 
toward the ends. The volume of oil displaced is propor- 
tional to the square of the driving force, while the rate of 
flow is inversely proportional to its viscosity. 

The effects of two of these factors, speed and load, were 
illustrated by a motion picture, shown through the courtesy 
of the Standard Oil Co. of Indiana, of the actual flow of 
lubricant through a glass model bearing. The path taken 
by the oil was rendered visible by the intermittent intro- 
duction of a dyed glycerine solution. The entire clearance 
space is filled with lubricant, the oil being entirely trans- 
parent in the thin film which corresponds to a diametric 
clearance of approximately 0.0025 in. In making these pic- 
tures a dead load was applied to the bearing by steel cords, 
and was supported by the upper side of the journal, the oil- 
film completely separating the two rubbing surfaces at all 


points. No oil groove was provided in the bearing. Two 





LUBRICATION AS PICTURED THROUGH A GLASS BEARING 
This Illustration Is Reproduced from an Enlargement of a Motion- 


Picture Film That as Taken at Massachusetts Institute of 

Technology for the Standard Oil Co. of Indiana. A Dyed Glycerine 
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weeks was spent in making the picture and about 10 times 
the usual amount of light was required. 

When the speed was decreased, the film was thinned out 
at the loaded side and the oil consequently forced more di- 
rectly toward the ends. Increasing the applied load from 5 
to 15 lb. per sq. in. illustrated the fact that the path is 
similar to that obtained at the lighter load, although the 
actual motion is more rapid. Film rupture due respectively 
to decreasing speed and increasing load was illustrated, as 
was also rupture under starting and stopping conditions. 

Finally the importance of proper oil-hole location was 
emphasized by rotating the bearing so that the oil hole was 
moved to the loaded side. Under this condition the flow of 
oil in the feed line was actually reversed, the bearing suck- 
ing air in at the ends and forcing the oil backward in the 
line. 

A series of curves of the pumping efficiency of a bearing 
with oil-feed pressures of from 10 to 70 lb. per sq. in., 
plotted from experimental data, was shown in slides. Other 
slides showed the relation of pumping efficiency to heat dis- 
sipation by oil flow and the increase in the rate of heat gen- 
eration due to journal displacement or eccentricity under 
varying loads. The method of computation shown in the 
equations, Mr. Barnard said, was presented as a means of 
correlating data rather than of arriving at actual figures. 


DISCUSSION OF BARNARD PAPER 


Written discussions of Mr. Barnard’s paper were sub- 
mitted by Mayo D. Hersey and by T. E. Coleman. The 
former dealt with the conclusions drawn from the data and 
the latter with the effect of the high oil-temperature devel- 
oped in the lubrication of high-speed engines. It is logical, 
Mr. Coleman stated, that the bearings of such engines should 
have a cooling medium, although a few drops of cool, fresh 
oil might suffice. It has been found very desirable to oil 
the pistons in an engine running at 2000 r.p.m. by 25 drops 
of fresh oil per minute per piston. 

Considerable verbal discussion was also participated in by 
A. L. Clayden, W. G. Wall, Dr. H. C. Dickinson, E. C. Wood, 
of San Francisco, President Horning, Past-President Ket- 
tering, F. E. Moskovics and F. S. Duesenberg. Mr. Clayden 
observed that a constant for the heat of the oil could not be 
assumed and that great caution must be observed in taking 
data on heat; Mr. Wall that the picture showed that longi- 
tudinal oil-grooves might be used for low speeds and why 
much larger bearing clearances are being used than for- 
merly. Dr. Dickinson said that the Bureau of Standards 
had made a series of tests for specific data on heat and 
that the data will soon be available; the variation of vis- 
cosity with temperature of mineral oils is not very great. 
Mr. Wood stated that a truck without oil grooves in the bear- 
ings had been run 15,000 miles without having to take up 
the bearings, while the bearings of a truck with grooves had 
required considerable taking up. Mr. Horning called par- 
ticular attention to the fact shown by the picture that slow- 
speed running is very dangerous. Mr. Moskovics observed 
that he knew a car that had been run experimentally 40,000 
miles with oil-feed on the pressure side of the bearings but 


when it was tried on the speedway the bearings failed re- 
peatedly at 10 miles. 


DATA ON ENGINE STARTING 


Many chart slides of engine-starting tests were shown in 
conjunction with the paper delivered by J. O. Eisinger, who 
showed the set-up used in the investigation, in which the 
only modification in the fuel induction was an arrangement 
for varying the throttle or choke orifice. The float chamber 
was variable in height and was connected with a burette. 
A stop-watch was used for catching the time required to get 
the first explosion. Successive slides showed the relation of 
the mixture ratio to times of starting, total amount of fuel 
used in relation to starting time, effect of spark-advance on 
starting time and the effects of height of fuel rise, of. fuel 
volatility, of air temperature and of jacket-water tempera- 
ture. The mixture becomes richer, said Mr. Eisinger, with 
each successive engine revolution before the engine starts, 
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due to delayed vaporization. Distribution of the mixture to 
the cylinders was found to be practically uniform. Better 
starting results were obtained with aviation gasoline than 
with commercial gasoline and also with spark-advances of 
34, 47 and 79 deg. than at 8 deg., but the better starting 
with the greater spark-advance was less pronounced with 
aviation gasoline. This paper is printed in full on p. 52 
of this issue of THE JOURNAL. 

In the discussion, J. H. Hunt observed that the practical 
starting problem was very different from starting under 
conditions of the test. H. E. Pengilly suggested that every 
manufacturer should mark on the quadrant the best position 
of the throttle lever for starting. G. M. Bicknell said it 
might be well to take into consideration automatic start- 
ing, which is all at the lowest setting of the throttle. 


PREVENT, RATHER THAN CURE, DILUTION 


The relation of cylinder-jacket temperature to crankcase- 
oil dilution was shown in slides and described by A. Ludlow 
Clayden, who expressed himself as much puzzled by the 
lower rate of dilution, at the same jacket temperature, with 
steam-cooling as compared with customary water-cooling, as 
shown by a chart of the dilution occurring in a 10-hr. run. 
With steam-cooling, the amount of dilution was not only less 
at 212 deg. fahr., but the rate decreased more rapidly with 
an increase of temperature. The chart showed that the 
amount of dilution at temperatures of 212 deg. and more 
was much less than below this temperature, from which the 
conclusion was drawn that high cylinder-wall temperatures 
reduce dilution to a negligible quantity. However, dilution 
of the oil reduces its viscosity and affords safety in starting 
in very cold weather, and it was suggested that means might 
be provided for warming the oil in the oil-pan in cold 
weather and for getting a supply of fresh oil to the cyl- 
inder-walls at the instant of starting. The proper way to 
handle dilution, Mr. Clayden concluded, was to prevent 
rather than to cure it. This paper is printed in full on p. 58 
of this issue of THE JOURNAL. 

In written discussion submitted by R. L. Skinner and read 
by L. L. Williams, reference was made to recent tests in 
Minneapolis under severe winter conditions with both water- 
cooled and air-cooled cars, which showed that heating the 
oil in the crankcase did not reduce dilution although it did 
aid in more quickly lubricating the cylinders when starting. 
With the air-cooled engine, which warmed-up very quickly 
to temperatures of from 300 to 400 deg., the dilution built- 
up rapidly and a noticeable quantity of water collected in 
the oil. Tractor tests in California in summer operation, he 
stated, showed that it was not absence of oil on the cylinder- 
walls but dilution that governed cylinder-wall wear, al- 
though the cylinder-wall temperature was as near the boil- 
ing-point of water as it was possible to get. He concluded 
that it was desirable to use a thin oil of proper viscosity 
and pour test in the engine to start with and design the 


engine so as to prevent excessive building-up of dilution in 
normal winter operation. 

L. H. Pomeroy made the statement that there is much 
evidence to show that most engine wear occurs when start- 
ing and that aluminum pistons rise in temperature four 
times as fast as cast-iron pistons when starting, owing to 
their greater heat-conductivity. 


HORNING DEMONSTRATES STEAM-COOLING 


The President of the Society gave a double demonstration 
of the fundamentals of cooling at the conclusion of the ses- 
sion. Just after starting a demonstration with a 34-hp. 
Waukesha engine in front of the fire-engine house, Jupiter 
Pluvius supplied the water in generous quantities, but Mr. 
Horning stuck gamely to his job while his listeners hastily 
sought near-by shelter. The engine was connected with a 
water tank but no radiator, the steam passing off freely from 
a pipe at the top. The engine had been warmed-up by a 
preliminary run, but was run in the demonstration at full 
load, supplied by fan blades on the end of the crankshaft, 
for a considerable time until shut off by the switch. There 
was no water circulation except the natural thermal displace- 
ment of the hot water by the cold water, and the water level 


was slightly below the top of the combustion-chamber heads 
but covered the valves. 


MAKING THE HIGHWAYS SAFE 





The Work of the Automotive Engineer in the Promo- 
tion of Highway Safety 


The connection between “the mad desire to get too far too 
fast” and the appalling toll of accidents on streets and 
highways was discussed at the Highway Safety Session of 
the Summer Meeting, which convened in the ballroom of the 
Greenbrier Hotel, June 17, at 8 p. m. How the automotive 
engineer can contribute to the solution of this vital problem 
was the theme of the papers presented at this session, each 
speaker approaching the topic from a different viewpoint. 

In his introductory remarks Chairman Horning stressed 
the importance of highway safety. Referring to the Na- 
tional Conference on Street and Highway Safety that was 
held in the City of Washington last December, he said that 
the Conference has already accomplished wonders. After 
paying a tribute to Secretary of Commerce Hoover who 
called the Conference, he introduced to the audience Col. 
A. B. Barber, director of the Conference on Street and 


Highway Safety, who is associated with Secretary Hoover 
in this great work. 


WHAT THE AUTOMOTIVE ENGINEER CAN Do 


Colonel Barber spoke of the opportunity that the auto- 
motive engineer has to help toward increased safety, either 
through automotive engineering proper, through the allied 
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field of traffic engineering and traffic control or through co- 
operation with Government agencies, such as the National 
Conference on Street and Highway Safety. 

Relative to automotive engineering proper, Colonel Bar- 
ber stated that the motor vehicle itself has much to com- 
mend it from the standpoint of safety and reliability, as 
the vast majority of motor-vehicle accidents are due to 
othér than mechanical causes; in fact, not more than from 
2% to 5 per cent are attributable to defects in the vehicle. 
Improvements in the vehicle itself are, however, still pos- 
sible, in the interests of safety. 

Traffic engineering, according to Colonel Barber, is still 
in its infancy. Systematic handling of traffic, such as that 
seen on Fifth Avenue in New York City, is to be desired, 
and the automotive engineer on account of his training 
should be able to aid in this matter of traffic planning. 

The cooperative character of the National Conference on 
Street and Highway Safety was stressed by Colonel Barber. 
Nine national associations contribute to it, and the automo- 
tive engineer can assist in carrying out the safety program. 

Plans are being made for a second Conference, to be held 
in November or December of this year. In preparation for 
this Conference four aims are being emphasized: (a) uni- 
formity of laws and regulations, (b) law enforcement, (c) 
the study of the fundamental causes of accidents and (d) 
the study of metropolitan traffic facilities. It was pointed 
out that unless traffic flows smoothly, with adequate facili- 
ties, a greater proportion of accidents will occur. 

A comparison was made between steam trains and auto- 
mobiles from the standpoint of safety. Colonel Barber 
estimated that, with passenger mileage as a basis, the train 
is 10 times as safe as the automobile as a method of con- 
veyance. 

Education of the public is needed as a basis for increased 
safety on streets and highways, and Colonel Barber told 
of work that is being done in schools and among labor 
organizations in the way of studying questions related to 
highway safety for the purpose of building a sound body 
of public opinion. 


WHAT THE AUTOMOTIVE ENGINEER HAS DONE 


C. F. Kettering, who was the next speaker, paid a glowing 
tribute to the excellence of the first report of the National 
Conference on Street and Highway Safety, before passing 
to his talk on what the automotive engineer has done to 
promote safety on streets and highways. Mr. Kettering 
stated that it is obvious that the automotive engineer has 
already done many things to promote safety on streets and 
highways, this being proved by the fact, mentioned by Col- 
onel Barber, that only from 2% to 5 per cent of the accidents 
have been caused by the vehicle itself. Mr. Kettering 
pointed out that very few instances occur of failure in the 
parts of vehicles as a cause of accidents. He indicated 
that the contrel of the metallurgy of the parts that enter 
into the vehicle is a factor that contributes to safety in this 
respect, and mentioned in this connection the effectiveness 
of the Society’s work in standardization. 

Various improvements in the design of motor vehicles 
that have contributed to their safety were enumerated. One 
such improvement is the lowering of the center of gravity 
of the car, which is a very important factor in the control 
of the vehicle itself. It was, however, pointed out by the 
speaker that not all makes of cars have lowered the center 
of gravity, and it was further shown by him that the intro- 
duction of the closed body has tended to offset the work that 
was done along this line. 

Brakes were mentioned as a factor of safety in which 
improvement has been made. Four-wheel brakes brought 

e's attention to the braking situation, and much has 
plished, although other developments are neces- 
For example, not enough attention is paid to the 
ef how long the brakes meet the requirements set 
p whe adjustment of brakes is another feature of 
est. 

Velbimportant from the safety standpoint is the matter 
of incréasing the horsepower and acceleration of the car. 













Ease of passing a vehicle to gain a position ahead, with 
only a short time in which to do it, enters into the safety 
problem. When a driver attempts to pass another vehicle 
near the top of a hill, the matter of brake control is 
important. 

Bumpers have been a factor in safety, and other devices, 
such as the stop light, have been of great value. The im- 
provement of steering gears has helped. 

Reiterating Colonel Barber’s statement that many things 
yet remain for the automotive engineer to do in the way 
of improving design to promote highway safety, Mr. Ket- 
tering spoke of the question of lighting as one of the worst 
hazards existing today. He pointed out that present meth- 
ods of lighting are inadequate and unsatisfactory, and that 
the variety of State laws on the subject causes confusion 
worse confounded. 

Remarking that engineering would be very simple if it 
were not for the people, Mr. Kettering took up the matter 
of the personal element in automobile safety. A vehicle, 
he stated, is not a motor car until somebody is back of 
the steering-wheel. The automobile engineer has tried to 
give comfort, ease of operation and ease of control, and 
anything that can be done to make an automobile controllable 
on instinct rather than reason tends toward greater safety, 
on account of the element of surprise and lack of time in 
an accident. 

Mr. Kettering spoke of the difficulty caused by the dif- 
ferent types of regulation in existence. The engineer in 
designing a car must in many features strike a medium 
that will allow a vehicle to be sold in different parts of the 
Country or abroad. Uniformity of regulations throughout 
this Country at least would simplify the problem. 

In conclusion, Mr. Kettering stated that, if he could do 
just two or three things in the interests of safety, he would 
advocate (a) the definite designation of right-of-way 
streets and highways, thus getting rid of the “side-street 
fool,” and (b) the automatic regulation of traffic. 


EDUCATION AND LAW ENFORCEMENT URGED 


Chairman Horning called upon Alfred Reeves, general 
manager of the National Automobile Chamber of Commerce, 
to participate in the discussion at this time. Commenting 
on the fact that roads are more congested and yet people 
are still trying to drive as rapidly as before, Mr. Reeves 
advocated the easier adjustment of brakes; the raising of 
insurance rates after each accident and the refusing of 
insurance after the third accident; the education of the 
public, as the human side is more important in this con- 
nection than the mechanical side; policemen in uniform as 
a deterrent and warning signals. He spoke of the results 
of safety contests among school children, and summed up 
his idea by saying that education and law enforcement will 
contribute more to safety than will anything else. 


HIGH-SPEED THOROUGHFARES ADVOCATED 


W. G. Wall, consulting engineer, at the request of Chair- 
man Horning, next made a few remarks. He stated that, 
aside from the personal equation of the driver, three factors 
enter into safety: (a) the automobile itself, which is the 
concern of the automotive engineer; (6b) regulations, which 
are the concern of the authorities and (c) education, which 
has to do with the public. He voiced the opinion that the 
automotive engineer has done about all he can and that there 
is no object in having motor cars if a certain amount of 
speed is not permitted. He advocated the provision of thor- 
oughfares where people can go at high speed. 


WHAT Is SAFE SPEED? 


Referring to the personal responsibility of each driver to 
promote safety on the highways, Chairman Horning spoke 
briefly about a driving rule that has been worked out by 
Dr. H. C. Dickinson, of the Bureau of Standards, the appli- 
cation of which would enable a driver at all times to know 
whether or not he was driving at a safe speed. This driv- 
ing rule was the subject of a most interesting paper, en- 
titled What Is Safe Speed? which Dr. Dickinson then 
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read. The paper in full may be found on p. 81 of this issue 
of THE JOURNAL. Dr. Dickinson’s conclusions are as 
follows: 


Safe speed is such that a driver will be able to stop 
his vehicle within the distance ahead which is certain 
to be free from any obstruction. 

Legal safe speed is such that a driver will be able 
to stop his vehicle within the distance ahead which is 
certain to be free from any legal obstruction. 

An ordinance based on this definition can be en- 
forced by providing that an enforcement officer may 
call upon a driver to prove that, in any specific case, 
he can stop within the “clear course” ahead. 


PSYCHOLOGY TO REDUCE ACCIDENTS 


Dr. A. J. Snow, of the Yellow Cab Co., spoke most enter- 
tainingly about the application of psychology to the reduc- 
tion of accidents. No matter what mechanism is under 
consideration, its control is dependent upon the mechanism 
controlling it, the person at the steering-wheel. Human 
beings differ. A great percentage of them are in such a 
deplorable mental condition that they could not protect 
their lives and the lives of others even with the best 
machinery. He spoke of a study of accidents in which it 
was found that 18 per cent of the drivers were responsible 
for 46 per cent of the accidents. As a result of the study, 
it was found that accidents are usually traceable to one 
of three causes: (a) lack of common sense and judgment, 
(b) lack of usability of muscles on account of emotional 
instability and (c) carelessness. 

Dr. Snow told of a system of tests that he devised by 
which, in the space of about 25 min., it has become possible 
to tell whether an individual has sufficient common sense, 
emotional control and carefulness to be entrusted with a 
vehicle. In conclusion he stated that by the application of 
these tests in the interviewing of applicants for the posi- 
tion of taxicab driver, accidents were reduced 42 per cent 
in the first 3 months of the current year, this result being 
obtained by the rejection of 41 per cent of the applicants. 


THE FACTOR OF PUBLIC OPINION 


In conclusion, Chairman Horning stated that human con- 
duct is regulated not only by law and morals but by manners 
as well. If public opinion should reach such a point that 
it would be impossible from the viewpoint of social good- 
taste for a man to talk freely about his escapades in getting 
arrested for speeding, if a driver would be afraid to take 
chances that would endanger human lives because public 
opinion would condemn his act as a breach of manners, and 
consequently a disgraceful thing, a great advance would 
thereby be made in the interests of safety. He felt that 
public opinion must be so formed that reckless driving would 
be not only contrary to law and morals but an offense 
against that rather intangible, but none the less powerful, 
force that we call manners. 





Do You See Ir? 
Great Enthusiasm Was Displayed in the “Airplane’’ Contest 
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MOTORCOACH AND RAIL-CAR SESSION 





Rail-Car Design Discussed and a New Electric Drive 
for Motorcoaches Described 


A large and enthusiastic group of engineers that as- 
sembled in the ballroom of the Greenbrier Hotel on June 18, 
at 10 a.m., during the Summer Meeting, found much to in- 
terest them in the session devoted to gasoline-electric buses 
and rail-cars. G. A. Green, of the Yellow Coach Mfg. Co., 





H. S. BALDWIN 


C. O. GUERNSEY 


chairman of the session, introduced in turn C. O. Guernsey, 
of the J. G. Brill Co., who presented a paper entitled Require- 
ments in Gasoline Rail-Car Design, and Henry S. Baldwin, 
of the General Electric Co., who spoke on An Electric Drive 
for Gasoline-Propelled Motorbuses. These vavers are printed 


in full in this issue of THE JOURNAL’ on pp. 74 and 95 
respectively. 


RAIL-CAR DEVELOPMENT OUTLINED 


Mr. Guernsey stated that, although the rail-car is a branch 
of the automotive industry almost as old as the automobile 
itself, not until recently was the rail-car a very great factor 
in the automotive industry. He traced the development from 
the earliest attempt to apply the internal-combustion engine 
to self-propelled rail equipment, in 1898, through the first 
truly commercial applications from 1907 to 1914 and the 
time of non-development during the war, and outlined the 
progress that followed the war‘as a result of the doubling 
of the operating cost of steam railroads in the period from 
1913 to 1918. 

The smaller railroads, being the first to feel the increased 
costs, were the first to undertake the development of the 
gasoline rail-car. The earliest efforts in this direction con- 
sisted of the adapting of existing motor-truck chassis to use 
on rails. From such beginnings, the development has now 
reached a stage where gasoline-electric cars of 250 hp. and 
of about 75 ft. in length are available, while mechanical 
cars up to 190 continuous hp. are available. 

Advantages and disadvantages connected with the various 
types of drive, hydraulic, electric and mechanical, were then 
discussed by the speaker. The conclusion was drawn that 
the gasoline-electric drive will be generally used in cars of 
extremely large size and that the straight mechanical drive 
will be preferable for cars up to about 200 hp. 

It was pointed out that the gasolirié rail-car fills a distinct 
economic field and is not, strictly speaking, a competitor of 
either the motorcoach or the steam locomotive. The speaker 
stressed the point that the rail-car and all its equipment 
must be designed for the maximum of reliability, durability 
and simplicity of maintenance and operation. 

In the discussion that followed Mr. Guernsey’s paper, J. C. 
Thirlwall, of the General Electric Co., elaborated some of 
the advantages of the electric type of drive, and T. V. Buck- 
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walter, of the Timken Roller Bearing Co., made a compari- 
son between the mechanical drive and the electric drive. R. 
E. Plimpton of Bus Transportation believed that motor- 
coach lines would be more profitable than rail-cars for 
branch-line service in connection with railroads, although 
Mr. Guernsey quoted figures to show that gasoline rail-cars 
could be run at a profit for this service. 


ADVANTAGES OF ELECTRIC-DRIVE MOTORCOACHES 


Mr. Baldwin’s paper gave a very clear statement of what 
is being done to apply electricity to help in the solution of 
the problem of passenger transportation and traffic con- 
gestion. He spoke of the past and the present use of elec- 
tricity in the gasoline passenger car, in the motorcoach and 
the electric street-railway and outlined the development of 
the electric drive for gasoline motorcoaches. He told of the 
rebuilding of a chassis belonging to the Philadelphia Rural 
Transit Co., substituting electric for mechanical drive, to 
permit a direct comparison of the two types of drive to be 
made quickly under identical conditions of operation. The 
equipment was described, together with its application to the 
chassis, and the results of the test were discussed by the 
speaker. Stating that if the electric drive is to continue to 
exist, it must demonstrate its superiority over the me- 
chanical drive under service conditions, Mr. Baldwin enumer- 
ated the advantages of the electric drive described in his 
paper with respect to (a) efficiency in city traffic, (b) im- 
possibility of the operator’s racing or stalling his engine, 
(c) fuel consumption and (d) freedom from clutch and gear 
shifting, and stated that the greater first cost of the electric 
type was more than offset by the ability of the electric-drive 
motorcoach to cover a given schedule more quickly than can 
be done with the mechanical-drive vehicle when operated by 
an average driver, with a consequent saving of money for 
the operating company. Summing up his conclusions, the 
speaker felt safe in predicting that the use of electricity in 
conjunction with the internal-combustion engine for the pro- 
pulsion of motorcoaches will play an important part in the 
future. 

A lively discussion followed the presentation of Mr. Bald- 
win’s paper, during which a great many of the points 
brought out in the paper were emphasized and amplified. 
An interesting portion of the discussion was that contributed 
by E. C. Wood, of the Pacific Gas & Electric Co., who told 
about experiments in motor-vehicle operation in San Fran- 
cisco, from which the conclusion was drawn that operating 
costs are less with electrically driven vehicles. 

Answering a question, Mr. Baldwin stated that the fly- 
wheel can be reduced with the electric drive as against the 
mechanical drive, but that it cannot be eliminated, as the 
flywheel effect of the armature is not sufficiently great to let 
it take the place of the flywheel. This statement applies to 
four-cylinder jobs; the experiment has not been tried with 
six cylinders. 





Mase Rumney A. H. Bannigan 


Somp NOTABLES WHO WERE THERE 





In the course of the discussion, the idea was stressed that 
the absence of gear shifting, which would tend to distract 
the driver’s attention in heavy traffic, is a factor that tends 
to reduce accidents, thereby increasing highway safety and 
decreasing damage claims against the operating company. 





RESEARCH COMMITTEE PROBLEMS 


Headlighting, Crankcase-Oil Dilution and Fuel Research 
Among Those Considered 


The members of the Research Committee met at a luncheon 
at White Sulphur Springs, W. Va., June 18, to discuss the 
research projects now under way. Various phases of the 
headlighting problem were presented and it was explained 
to the Committee that the Research Department has been 
doing some preliminary work, such as the collecting of data 
on headlighting regulations now in existence in the different 
States. 

The chairman of the Highways Committee reported that 
progress is being made in highway research, although some 
difficulty has been experienced in instrumentation. Confi- 
dential reports have been issued to members of the Commit- 
tee and it is believed that some material will soon be avail- 
able for publication. 

In connection with riding-qualities research, E. P. Warner 
reviewed the work of Professor LeMaire, who is French ex- 
change professor of the University of Lyons, and who for 
the past 5 years has been studying the suspension of auto- 
motive vehicles with the Rochet-Schneider firm of Lyons. 
It was stated that particular stress is laid by Professor 
LeMaire on the location of seats; also on the determination 
of the two centers of percussion as applied to seating ar- 
rangements. A number of suggestions were made by the 
members of the Committee, relative to the study of certain 
motions brought about by acceleration, such as twisting 
motion resulting from sudden acceleration. 

The crankcase-oil contamination investigation that has 
been carried on under the supervision of the Research De- 
partment was reviewed and a report presented by T. S. 
Sligh, Jr., of the Bureau of Standards, under whose direc- 
tion the analysis of a large number of samples of contam- 
inated oil has been carried on. While the data thus far 
obtained do not show any very definite conclusions, pre- 
liminary indications have been noted that are as follows: 
The effect of benzol blends, high-test fuels and type of 
service on dilutions are indicated; new cars usually show 
high ash; the effect of air-cleaners and oil-filters in reducing 
insolubles and ash is indicated; no definite relation seems 
to exist between test mileage and ash; the most useful 
data apparently are afforded by the average results. It was 
suggested, in view of this fact, that in the future all samples in 
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a given group be composited before testing. It was thought, 
however, that individual tests for dilution and water would 
be of interest. Work on this investigation is to be continued, 
and it is believed that some very valuable data will be 
obtained. 

Mr. Sparrow presented a brief statement of the coopera- 
tive fuel research projects from July, 1925, to July, 1926, 
and stated a motion had been passed that the Bureau of 
Standards be asked to investigate the subject of the seasonal 
distribution of fuels to determine what differences in fuels 
are essential to obtaining approximately the same perform- 
ance in winter as in summer as regards starting, flexibility 
and general engine operation. 

A program for economic motor fuel survey, July, 1925, to 
July, 1926, was also given to the Committee for considera- 
tion. The purpose of the previous survey was to find what, 
from an economic standpoint, was the most suitable fuel for 
the motor-vehicle equipment then in use. 

Considerable work is being done in connection with the 
gear problem. Data have been collected from a number of 
sources and cooperation secured in this Country and abroad. 

In connection with the Sectional Committee for Automo- 
bile Brakes and Brake Testing, experimental work is being 
done at the Bureau of Standards and has been practically 
completed, with the exception of the work on trucks and 
buses. 

It was decided that the Research Committee should meet 
more often and a tentative date for the next meeting was 
set for the first week in October. 


SECTIONS ACTIVITIES 


REPORTED 


Committee Considers 


White 


Important Matters at 
Sulphur Springs Meeting 


Some weeks ago a mail vote was obtained from the mem- 
bers of the Sections Committee. This vote, which pertained 
to Sections finances and other items, was confirmed by the 
Sections Committee at its meeting on June 18 at White 
Sulphur Springs. The Committee believed that the adop- 
tion of the budget system has improved the handling of 
Sections finances and that this system should be continued 
in the future. The Committee recorded its opinion that the 
total remittances from the central office of the Society to 
the Sections should in all cases be at least equal to the total 
sums collected as Sections dues from members in the Sec- 
tion territory. 

A number of specific allotments to various Sections were 
approved as stated in the letter ballot. 

Regarding Minneapolis Section affairs that have been 
very carefully investigated by the Committee, it was felt 
that the recommendation of the Minneapolis Section officers 
should be endorsed and that the Section should be consid- 
ered inactive, this in view of decreased activity in the locality 
resulting from the slump in the tractor industry. The 
Committee instructed the Manager of the Sections Depart- 
ment to keep in touch with the situation at Minneapolis and 
to report any change in conditions that would warrant fur- 
ther action. 

The Subcommittee on Student Branches, John Younger, 
chairman, reported that it was not ready to present its final 
recommendation and that the investigation is being con- 
tinued. 

A report was presented concerning the inauguration of 
the Southern California Section with headquarters in Los 
Angeles. 

The Section budgets for 1925-1926 were discussed briefly. 
It was thought, however, that a large committee could not 
at one sitting do justice to the consideration of these budgets 
and it was voted to have a committee of three make a care- 
ful analysis of the budgets and report its findings to the 
full Committee for definite action. It was the understanding 
that any Section not approving the findings of the sub- 
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A Fapric Bopy ON A Mack, ON& OF THE EXHIBITS AT WHITE 
SULPHUR SPRINGS 

Exhibits of Apparatus and Equipment Were a 

Feature of the Summer Meeting 


As in the Past, 


committee should have the opportunity to file with the main 
Committee its objections and recommendations. 

It was voted that the Section Treasurers should be bonded 
on the schedule basis as are employes of the Society. 


NATIONAL MEETINGS DISCUSSED 





Meetings Committee Makes Further Plans for the 
Meetings of the Year 


After considering the reports of the recent Tractor and 
Service Meetings, the members of the Meetings Committee 
who convened at White Sulphur Springs on June 19 dis- 
cussed in detail the possibilities for improving the Summer 
Meeting. A number of very valuable suggestions were made, 
and it will be possible to put them into effect next year. 
The Committee felt, however, that the members had very 
clearly shown their general approval of the arrangements 
this year at White Sulphur Springs. It was recommended 
that information be obtained concerning suitable places for 
the Summer Meeting next year; this to be discussed in de- 
tail at a later session. 

The Committee gave its general approval of the plans for 
holding the Annual Motorboat Meeting at New York City 
or in its vicinity in August at the time of the Manhasset 
Bay regatta. Probably a session will be held in the morn- 
ing at which some prominent engineer will present a topic 
of outstanding importance. Other members will be called 
upon to participate in the discussion. Following the meeting 





HORSEBACK RIDING WAS A POPULAR DIVERSION AT WHITE SULPHUR 
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Mr. and Mrs. Fred M. Zeder Ready To Enjoy a Brisk Canter 
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NATIONAL 
MEETINGS CALENDAR 


MOTORBOAT MEETING 
New York City—August 


PRODUCTION MEETING 
AND EXHIBITION 


Cleveland—Sept. 14-16 


AERONAUTIC MEETING 


AUTOMOTIVE TRANSPORTATION 
MEETING 


Philadelphia—Nov. 12 and 13 


SERVICE ENGINEERING MEETING 


November 


ANNUAL DINNER 
New York City—Jan. 14, 1926 


ANNUAL MEETING 
Detroit—January, 1926 


the members will proceed by boat to the Manhasset Bay 
events, taking luncheon en route. 

Agreement was general that the Aeronautic Meeting 
should convene at New York City or in the vicinity at the 
time of the Pulitzer races. 

It was reported that the plans for the Annual Production 
Meeting have been rapidly assuming definite form. The 
Committee approved of holding the meeting at Cleveland, 
Sept. 14 to 16, the subjects to be discussed being gears, sheet 
steel and its fabrication, inspection and gaging, machine 
tools and the training of foremen and mechanics. 

Chairman Herrington of the Transportation Meeting Sub- 
Committee announced that the Transportation Meeting has 
been planned for Nov. 12 and 13 at Philadelphia. The trans- 
portation problem will be treated chiefly from the operator’s 
point of view and an inspection of fleet-operating facilities 
will be included. A feature of the meeting will probably be 
a parade that will include a representation of various means 
of transport. 

O. M. Burkhardt reported that the general layout for the 
Service Engineering Meeting has been determined. The 
meeting will be held in cooperation with the National Auto- 
mobile Chamber of Commerce, probably in November. 

Railroads have refused to grant special rates for travel 
to and from the Annual Meeting held at Detroit in years 
past because of the fact that the dates have coincided with 
those of the Detroit Automobile Show. In view of this the 
Committee recommended holding the meeting in 1926 at such 
time as to avoid this difficulty. 

It was decided that the Annual Dinner should be held in 
New York City on Jan. 14, during Show Week. W. L. Batt 
is chairman of the sub-committee responsible for this event. 

The Committee thought that the Carnival should be re- 
peated next year along the same general lines as those of 
the 1925 Carnival. 


TWO VIEWS OF RIDING-QUALITIES 





Mathematical Analysis and Experimental Investigation 


Are Both Covered 


In introducing the speakers Prof. E. P. Warner com- 
mented on the striking way in which riding-comfort had 
been neglected as a subject of possible research, pointing out 
that, although the riding-qualities of a car had always been 
a subject of the very first interest to the consumer, intensive 
investigation along scientific lines of the factors that govern 
comfort had until recently been put aside in favor of attack 
on other problems of more recent origin. The chairman 
dwelt upon the special interest that the problem derived 
from the inextricable relation of the psychological, physio- 
logical and physical factors and remarked that the possible 
modes of attack on the physical aspects of the question 
ranged from a purely mathematical analysis to a purely 
experimental investigation of the behavior of an actual auto- 
mobile. The two papers of the evening represented the re- 
sults of the application of two widely differing methods, and 
it was from the coordination and comparison of widely differ- 
ing methods that most rapid and significant advance could 
be anticipated. 


DISPLACEMENTS DETERMINE RIDING-QUALITIES 


R. W. Brown, of the Firestone Tire & Rubber Co., pre- 
sented a paper entitled Riding-Qualities of Motor Vehicles. 
In his introductory remarks he emphasized that riding- 
qualities are affected and determined by displacements. Mr. 
Brown then pointed out that if the results of a riding- 
qualities investigation are to be kept sufficiently simple for 
practical usage, the investigation must be confined to a defi- 
nite condition or at least a definite set of conditions. This 
can best be done by placing an artificial obstruction on the 
smoothest roadway possible. If the vehicle passes over this 
obstruction with one wheel only, the displacement which 
causes the passenger the most discomfort is probably that 
taking place in a vertical plane. This particular displace- 
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ment has three characteristics. The first is a displacement- 
time curve that gives directly the amplitude of vertical 
movement. The second is a velocity-time curve that gives 
directly the velocity of motion at any portion of the dis- 
placement-time curve. The third is an acceleration-time 
curve that gives directly the rate of change of velocity at 
any position of the displacement-time curve. 

After results have been obtained under the simple condi- 
tions described, tests should be made under conditions 
simulating a severe road trial. Measurements of the dis- 
placements obtained during such a series of tests provide 
data for elaborate mathematical analysis. However, except 


in the simpler cases, mathematical analysis without accurate 
measurements of displacements is of slight, if any, value. 
The speaker devoted some further time to the discussion 





7. BROWN F. C. Mock 

of displacement characteristics and then turned to the sub- 
ject of instrument design. He laid down the following two 
essentials that must be incorporated in the design of instru- 
ments to determine riding qualities: 


(1) The natural frequency of free vibration of the 
instrument must be not less than 3 and prefer- 
ably more times that of the frequency of the 
displacement or acceleration to be measured 

(2) A relatively high coefficient of damping must be 
provided to minimize the effects of the high 
frequency-vibration having a period close to 
that of the instrument 


The accelerometer now in use was described as having a 





AN OSCILLOGRAPH USED IN STUDYING THE RIDING-QUALITIES OF 
MoToR VEHICLES 


natural free period of 360 cycles per sec. and a compara- 
tively high damping-coefficient. Records are made by the 
use of a standard oscillograph. From a large number of 
records and after careful calibration, both for static condi- 
tions and for frequencies up to 200 cycles per sec., it is 
found that the records obtained are accurate to within plus or 
minus 2 per cent. 


MEASURING CAR MOTION DEFINITELY 


F. C. Mock, research engineer of the Stromberg Motor 
Devices Co., presented the second paper of the session, on 
Elementary Dynamics of Vehicle Spring-Suspension. In 
appraising riding discomfort, said Mr. Mock, methods of 
definite measurement of car motion are necessary; also a 
certain scale for coordination of this with the degree of 
physical discomfort experienced by the passenger. 

Mr. Mock then described an accelerometer that was made 
to measure the force of car displacements and in the hope 
of making definite comparisons of riding-comfort. This de- 
vice consists of a group of pivoted weighted arms lying in 
a horizontal plane, held upward against stops by springs 
whose tension exceeds the weights of the levers in a definitely 
graduated order of percentage. An indicating accelero- 
meter, the speaker pointed out, can give only a relative idea 
of riding-comfort, for acceleration gives discomfort accord- 
ing to the conditions under which it is experienced. For 
instance, an upward acceleration of 0.69 is practically 
always uncomfortable, but below this value the rate of 
change of acceleration seems to make a considerable differ- 
ence. On long swinging bumps an upward acceleration of 
0.5g is not uncomfortable, while on short choppy jolts an 
upward acceleration of 0.4g may be definitely unpleasant. 
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A Move. THat SHOWS PITCHING MOTION OF AN AUTOMOBILE Bopy 
SUSPE™DED ON FRONT AND REAR SPRINGS 


In making an analysis and synthesis of simple spring 
action, Mr. Mock made the statement that it seemed safe to 
assume the combined action of the tire and the spring, with 
the internal friction of the system estimated in force times 
distance. He pointed out further that the rate of pressure 
rise at the beginning of the road rise is very much greater 
with friction present in the springs and also that a differ- 
ence exists hetween a high-pressure tire of '%-in. initial de- 
flection and a low pressure of 1%-in. initial deflection in this 
respect. This is perhaps the explanation of the very smooth 
effect experienced in passing over small bumps with balloon 
tires and springs with low friction. He further said that 
custom has favored a sort of reserve spring bumper con- 
struction, to give a somewhat stiffer spring action during 
the last part of the allowable deflection. In the speaker’s 
opinion, such a bumper raises rather than lowers the strains 
upon the car, and its value is questionable. 

Following are three conclusions given as the result of the 
analysis of spring action: 

(1) The upward force against the body ang the rate 
of increase of pressure against the passengers 
vary inversely with the flexibility of the spring 

(2) The upward force against the body is increased 
by the amount of friction in the suspension 
system opposing travel of the axle from its 
normal or neutral position 

(3) The force and rate of application of force in a 
dip in the road increase markedly with either 
stiffness or friction in the spring 





AN ACCELEROMETER MOUNTED ON CALIBRATION APPARATUS THAT 
Propuces SIMPLE HARMONIC MOTION 


A description of counter springs, series springs, cushion 
springs and a two-spring suspension-system followed. In 
the discussion under the last heading the speaker pointed 
out that the pitching periodicity is mainly determined by the 
flexibility of the front spring. He questioned the recommen- 
dation sometimes made that, to cure pitching, the front 
springs should be stiffened. 

In conclusion, the following improvements were suggested 
for spring-suspensions: 


(1) Increase the spring and tire flexibility as neces- 
sary to bring within comfortable limits the 
upward shocks received on average road in- 
equalities 

(2) Reduce the internal friction of the spring to less 
than 10 per cent of the static spring-load and 
provide means to guard against this friction 
increasing in service 

(3) Proportion the front and rear spring flexibilities 
according to the weight distribution of the car 


BRAKES AROUSE LIVELY DISCUSSION 


Noisiness, Equalizing, Lining Wear and Four-Wheel 
Brakes on Cabs Debated 


Friday morning’s session on brakes brought out the most 
lively and extended discussion of the week’s meetings and 
it became evident that the increasing traffic congestion and 
growing operation of large motor coaches have thrown the 
question of safety by rapid retardation wide open. Dis- 
cussion followed each of the three papers presented and 
the debaters went at length into the question of whether or 
not equalizers were necessary, the rapid wear of linings, 
excessive brake maintenance, the desirability of power appli- 
cation, metal-to-metal contact, the need for high-carbon- 
steel drums, possibility of using the bicycle coaster-brake 
type of brake in automobiles and the use of four-wheel 
brakes on taxicabs. 

The first paper presented was on the Fundamentals of 
Brake Design, by O. M. Burkhardt. It was confined to a 
special study of the contact conditions in brakes and dealt 
mainly with the factors affecting smoothness, quietness and 
durability of brakes. The author gave a new analysis of 
the forces created by relative motion between the brakeshoe 
liners and the drum which tends to cause wrapping of the 
shoes and, consequently, uneven pressure-distribution and 
presented a formula for determining the pressure at dif- 
ferent points. Although variation in the coefficient of fric- 
tion is usually looked upon as the main cause of squeaking 
and chattering in brakes, experiments have proved, he said, 
that this theory is not correct in the majority of cases, and 
he undertook to prove that high localized pressures result- 
ing from poor design are a decided but easily avoided cause 
of the evil. Mr. Burkhardt’s paper is printed in full in 
this issue of THE JOURNAL on p. 64. 


MECHANICAL FOUR-WHEEL-BRAKE ELEMENTS DESCRIBED 


Some of the major elements of the Bendix-Perrot mechan- 
ical servo-type four-wheel-brake system were illustrated 
and described by J. R. Cautley, assisted by A. Y. Dodge. 
The speaker also narrated some of the difficulties of devel- 
oping a brake suitable for all four wheels of American cars 
and how they were met by the use of three shoes, utilization 
of the self-energizing principle and elimination of equaliz- 
ing mechanism between the brakes and the pedal lever. 
Standardized and interchangeable parts. simplified the 
manufacturing and service problems, said Mr. Cautley, and 
by simplifying the hook-up by discarding equalizers, it was 
possible to produce a complete braking system that would 
stop the heaviest car in the minimum distance with: reason- 
able pedal pressure and still leave considerable margin of 
pedal movement to take-up the wear. The paper is printed 
in full in this issue of THE JOURNAL on p. 87. 
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DEVELOPMENT OF HYDRAULIC BRAKES RECOUNTED 


In his paper, H. E. Maynard gave a short description of 
the elements of the hydraulic-brake system and recounted 
some of the difficulties that were encountered in the develop- 
ment of the system and the steps taken to overcome them. 
Equalized braking-effort is the ideal sought, he said, but 
variation in the coefficient of friction between the brake- 
lining and the drum complicates the problem. In attempting 
to apply braking pressure by mechanical means, the use 
of levers, rods, equalizing devices and universal-joints intro- 
duces variations in friction, unequal angles and losses -in 
efficiency. In the hydraulic application, the movement of 
the master-cylinder piston transfers perfectly equalized 
pressure to the pistons in all four wheel-cylinders and thence 
through short levers to the brakes. Slides showed the dis- 
tribution system for conveying the liquid from the master 
cylinder to the wheel cylinders, the wheel-cylinder construc- 
tion, the connection of the pedal to the master cylinder and 
other details, such as the flexible oil-leads from the copper 
tubing on the frame to the cylinders on the wheels. 

Development of suitable hose for the flexible connection 
between the frame and the wheels presented interesting and 
difficult problems that were solved by the use of rubber 
and fabric, with tightly-coiled steel springs wound in oppo- 
site directions and inserted in the tubes to prevent expansion 
of the hose so that the volume of liquid in the hose would 
not be increased by pressure. The total volume of liquid 
in the system is small, said Mr. Maynard, but the ratio of 
pedal travel to brake-band travel is high. 

Referring to the early difficulties, he said that the possi- 
bilities of leakage and the temperature effects were outstand- 
ing hazards that required utmost study. In the experimental 
installations, rawhide cups for sealing the master cylinder 
and the wheel cylinders, with phosphor-bronze expanders in 
the cups, were used. These proved entirely satisfactory ex- 
cept at temperatures well above 150 deg. fahr., as when the 
cylinders are enclosed in the brake-drums and the braking is 
severe and long continued. To test the rawhide, a car was 
run in second gear with the brakes applied at a speed of 20 
m.p.h. on the hottest day available in Detroit and covered a 
distance of 17 miles before the brakes failed. The brake 
temperature reached 220 deg. and drove the natural oil out 
of the rawhide. After trying tanned leather without suc- 
cess, a special rubber compound that meets all of the re- 
quirements was adopted for the cups. 

A long search was also made for a suitable liquid to use 
in the system, a 50-50 solution of glycerine and alcohol being 
used first but later discarded because of the hydroscopic 
nature of the glycerine, which caused the formation of rust 
on the iron inside of the cylinders and also because any 
glycerine that might get on the brake-lining was impossible 
to wipe off and caused erratic action of the brakes. Mineral 
oils could not be used because of their action on the rubber 
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Two PROMINENT DISCUSSERS AT THE BRAKE SESSION 


of the cups and the hose, so the choice came down to castor 
oil combined with alcohol. These two liquids had to be 
treated with potassium hydroxide, however, to neutralize the 
free-acid content in commercial alcohol and castor oil. Sul- 
phur in the rubber causes corrosion of the copper parts of 
the system, the liquids extracting the sulphur and carrying 
it to all parts of the system, but the amount of sulphur in 
the special rubber composition is so small that the corrosion 
has no detrimental effect. Copper tubing was found best for 
tke oil leads, as it is so easily bent and flared without danger 
of cracking. 

The makers of the system, said Mr. Maynard, believe that 
uniform braking effort on front and rear wheels gives the 
public the maximum braking effect that can be used with 
safety. Locking the front wheels is undesirable, but, when 
retarding the speed of a car, the center of gravity moves 
forward to such an extent that often as much as 50 per cent 
of the weight is transferred to the front wheels, hence little 
danger of locking the front wheels is present. In making a 
turn, the tendency due to centrifugal force and the laws of 
deceleration is to increase the weight on both outside wheels, 
so that the braking effort, equally applied, locks the inside 
rear-wheel first, then the inside front-wheel, and lastly the 
outside front-wheel, thus automatically allowing the maxi- 
mum braking-effect on a turn as well as on the straightaway. 


THE DISCUSSION BECOMES CRITICAL 


Commenting on the possibilities of the use of aluminum 
for drums and shoes, C. L. Sheppy said that while it may 
have greater rigidity and give better heat-dissipation than 
steel or iron, the coefficient of expansion of aluminum is 
greater than that of steel. It had been found in practice 
that aluminum brakes with cast-iron liners would hold the 
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car. Drums and shoes should be rigid but the lining has 
much to do with squeaks, and moisture and pressure change 
the rate of sound. Mr. Dodge remarked that Mr. Burkhardt 
had presented a formula that all could use; he had used it 
for more than a year and he urged that the investigation be 
carried further. H. D. Hukill observed that the paper was a 
good argument for power-operated brakes; that it had been 
found that rigid brake anchorage is essential in motorcoach 
operation; that the coefficient of friction cannot be held con- 
stant in fabric lining but can be in metal-to-metal contact 
and that heat can be dissipated more rapidly with metal-to- 
metal contact. C. M. Froesch pointed out that the coefficient 
of friction is less for metal than for fabric, hence metal 
shoes are less desirable, and that large drum surfaces are 
necessary to dissipate the heat generated in brakes on mo- 
torcoaches. He suggested the possibility of dissipating the 
heat through the shoes as well as through the drums. Power 
brakes he considered essential on large motorcoaches, as all 
the power the driver has available for applying the brakes 
is about 200 ft-lb., or a ratio of several thousand to one with 
a vehicle weighing 14,000 lb. and traveling at 30 m.p.h. The 
maximum mechanical advantage that can be used to multiply 
this physical effort cannot be made to exceed 40 to 1, so the 
maximum effort of only 8000 Ib. is available at the ground 
to stop the vehicle. 

V. W. Kliesrath agreed that the time is at hand when 
greater than manual power is necessary to operate brakes, 
and said that there is considerable leeway for the employ- 
ment of power-energizing brakes. He had given consider- 
able attention to the development of a double-acting booster 
system and found that in average service only from 65 to 75 
per cent of the braking power was required to lock the 
wheels. C. M. Manly also thought that any attempt to work 
out a system of manual braking for large vehicles would be 
unavailing, as, even when the effort was multiplied by self- 
energizing, many variable factors are involved. With four- 
wheel brakes, metal-to-metal contact and power application, 
the variation in braking effect would be slight. 

F. E. Moskovics called attention to the great efficiency of 
the bicycle coaster-brake and suggested that the same prin- 
ciple might be applied to motor vehicles. F. G. Hughes, of 
the New Departure Mfg. Co., said that the bicycle brake has 
metal-to-metal contact, one type using a phosphor-bronze 
shoe with large area while another had spring-steel shoes 
acting against a carbonized-steel drum. The steel-to-steel 
gave longer life than the bronze with larger area. However, 
difficulties would be experienced in applying the bicycle type 
to automobiles but he thought a future existed for a metal 
brake with a carbon-steel drum. In motorcycle practice the 
tendency is to go to metallic shoes with lining, but a plate- 
clutch type, with alternate steel and bronze discs, oil-cooled, 
was being developed. 


EQUALIZERS AND LININGS DISCUSSED 


Mr. Moskovics was unconvinced regarding the lack of need 
for equalizers, saying that he never had driven a car without 
them that did not have a tendency to run to one side, and 
E. C. Wood, of San Francisco, thought that equalizers and 
high-carbon drums would help to give longer brake life. 
Speaking for 16 fleet operators on the Coast, he said that 
brake assemblies were costing considerable for maintenance 
and that linings do not give service. P. H. Geyser, of the 
Yellow Cab Co., also complained of the rapid wear of linings. 
R. A. Sanford remarked that no standard of what the car 
manufacturer required was in existence and suggested that 
three standards be set up based on (a) resistance to wear, 
(b) variation due to temperature and (c) resistance to 
moisture absorption. A representative of a lining manufac- 
turing company said that lining manufacturers are now pro- 
ducing linings that have three times the life of former 
linings, at three times the cost, if the public will pay for 
them. K. L. Herrmann recommended that the lining manu- 
facturers work with the chemical and fabric manufacturers. 
Asked why the Yellow Cab Co. did not use four-wheel 
brakes, Mr. Geyser stated that he had tried all types and had 
failed to find any that were satisfactory. In the traffic jams 


at railroad stations the axles became bent almost daily, 
causing misalignment and failure of the brakes, while with 
the hydraulic type premature wear of the cylinders occurred 
and accidents resulted. 


RECENT TRANSMISSION DEVELOPMENTS 


New Gear Types Described and Rules for Silencing 
Gear Noises Given 


Unconventional transmissions, probable sources of noise 
in transmissions and gear shifting were the subjects dis- 
cussed at the Transmission Session on June 19. Variable 
transmission gears on an automobile are a necessity, as 
every driver of a motor vehicle will agree. 

Relative to the pros and cons of the sliding gear, P. M. 
Heldt in his paper on Recent Work on Unconventional 
Transmissions stated that practice has largely standardized 
on the sliding-pinion change-speed gear with selectiye con- 
trol and with direct drive on high gear. The fact was dis- 
closed that with the average American car on improved 
roads, more than 95 per cent of the driving is done on high 
gear, because this gear is the most quietly operated and 
gives highest engine efficiency. 


REPRESENTATIVE TRANSMISSIONS DESCRIBED 


Included in the transmissions described by Mr. Heldt 
were the hydraulic, the variable throw, the Weiss, the in- 
ertia and the combined inertia and variable throw. Hydraulic 
systems of transmission have two important advantages. 
First, the ratio can be varied continuously and in most 
cases even indefinitely; and second, the hydraulic drive is 
somewhat more flexible than the purely mechanical. 

The best representative of the variable-throw type of 
transmission is the Lavaud. The French automobile builder, 
Voisin, has acquired the rights to the Lavaud transmission, 
and has equipped a number of machines with it. This type 
of transmission is still in the experimental stage, but in the 
few tests that have been made the car equipped with the 
Lavaud automatic gear ran away from its competitor on 
hills. 

Another variable transmission of a distinctive type is the 
Weiss, based on the principle of the inclined plane, which 
can be utilized in connection with members having con- 
tinuous rotary motion by using annular ball bearings as 
intermediary members. The obvious advantages of the 
Weiss transmission may be summarized as follows: 


(1) The change in transmission ratio or torque multi- 
plication is continuous between the limits of 
1:1 and about 4:1 

(2) All motion is pure rotary motion and the device 
therefore is dynamically balanced 

(3) Automatic changes of ratio can be easily effected 
by the torque reaction 

(4) All motion at the contact surfaces is rolling mo- 
tion 

Although still in the first stages of development, the in- 
ertia type of transmission is attracting some notice. It is 
somewhat related to hydraulic and electrical transmissions 
in that energy absorbed from the driving shaft is converted 
into a different kind. When the energy is passed on to the 
driven shaft and reconverted to mechanical energy, the rela- 
tion between torque and angular speed is changed. A good 
example of the pure inertia type of automatic transmission 
is the Howard. 

The Constantinesco torque converter described is a com- 
bination inertia and variable throw type. A small power 
unit designed for a light car was exhibited at the British 
Empire Exhibition at Wembley last summer. So far as can 
be learned, this torque converter has not been used on auto- 
mobiles. 


SUGGESTED REMEDIES FOR TRANSMISSION NOISE 


Noise in transmissions has been a constant source of 
trouble both to the operator and the manufacturer, with the 
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result that the latter has decided to make a thorough study 
of gear noise. This subject was covered by Earle Bucking- 
ham in his paper entitled Study of Probable Sources of 
Noise in Transmissions. 

Mr. Buckingham is not encouraging as to the possibility 
of eliminating gear noise. According to his views a solution 
that may be satisfactory today will not necessarily be satis- 
factory next year. He believes that we should first consider 
the many probable sources of noise, and particularly gears, 
as they are the worst offenders. 

Reducing the noise of gears involves one of three courses 
of procedure. The first is to eliminate them; at the present 
this is hardly possible. The next step might be to reduce the 
amount of sound produced by them. Still another step would 
be to change the quality of sound produced from an un- 
pleasant one to an unnoticeable one, if possible. 

An important phase of this problem brought out is that 
four general characteristic sounds are produced by gears. 
One is an intermittent clicking or irregular growl caused 
by poor spacing or irregularly formed profiles. Another is 
a pulsating growl or run-out sound caused by eccentricity. 
The third is a high-pitched squeal caused by rough surfaces. 
The remedy for all these three is accuracy and better work- 
manship. The fourth is a tone that depends upon the pitch 
and speed of the gears. These tones have been studied, and 
advisable ratios between the number of gear teeth worked 
out. Adherence to these ratios obviates certain unpleasant 
tones. 

Transmission cases are excellent sound reproducers. The 
size and shape of the case influence its efficiency in this 
respect greatly. Large flat surfaces seem to be the worst 
offenders. In conclusion, Mr. Buckingham stated that he 
did not want to leave the impression that all probable sources 
of noise were in the transmission case. He did wish to 
emphasize that when transmission-case noises had been 
eliminated, then more time and experience would be available 
to deal with others. 

Chairman K, L. Herrmann opened the discussion by call- 
ing on R. S. Plexico, of the Warner Gear Co., to express his 
opinions on noise and its relation to gears. He stated that 
the silencing of gears had not been accomplished in a prac- 
tical or commercial way, although considerable work had 
been done. Manufacturers have attacked this problem in 
years past by studying methods of gear cutting and much 
progress has been made. He agreed with Mr. Buckingham 
that high-class workmanship is as essential as correct de- 
sign and perhaps more so. 

Another condition should not be lost sight of. That is 
where the vibration period of the car bears such a relation 
to that of the transmission as to make the noise either worse 
or better than in tests on a solidly mounted transmission 
testing block. The period of the transmission as a whole 
may make worse or better the noise of any set of gears, 
when considered alone. 





FRED DUPSPNBERG BROUGHT 


His Berrer Four-Firrus 
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EARLE BUCKINGHAM P. M. HeLpT 


Mr. Plexico suggested that the following points might be 


considered as having a direct bearing on the problem of 
noise. 


(1) All moving parts should be fitted as closely as it 
is possible to have them operate successfully 

(2) The body floors might be lined with some sound- 
absorbing material 


In a brief summary he stated that a remarkable improve- 
ment in the quietness of the car and its transmission can 
be made by careful attention to balance and weight on all 
fast rotating parts. 

C. Broders, of the United States Automatic Shift Co., de- 
scribed a new type of gear shift with which a shift can be 
made from one speed to another at any variation in speed. 
without clashing of gears, and second speed may be used 
instantly for braking purposes. With this shift, according 
to Mr. Broders, a much quicker get-away can be made. 





T. J. LITLE, JR., NOMINATED FOR PRESIDENT 


Ticket of Officers for 1926 Announced by Committee 
at White Sulphur Springs 


T. J. Litle, Jr., was nominated to serve as President of the 
Society for the next administrative year by the Nominating 
Committee, which was completed and organized at White 
Sulphur Springs. The committee reported the following 
other consenting nominees for the elective offices next fall- 
ing vacant under the Constitution, that is, after the 1926 
Annual Meeting of the Society. 


First Vice-President—J. H. Hunt 

Second Vice-President, representing motorcar engineer- 
ing—G. W. Smith 

Second Vice-President, representing tractor engineer- 
ing—O. W. Sjogren 

Second Vice-President, representing marine engineer- 
ing—G. F. Crouch 

Second Vice-President, representing aeronautic engi- 
neering—Arthur Nutt 

Second Vice-President, representing stationary internal- 
combustion engineering—C. O. Guernsey 

Councilors (to serve during 1926 and 1927)—F. F. 
Chandler, Taliaferro Milton and J. F. Winchester 

Treasurer—C. B. Whittelsey 


The members of the 1925 Council who will hold over dur- 
ing 1926 are H. L. Horning, as past-president, and Coun- 
cilors O. M. Burkhardt, C. H. Foster and E. P. Warner. 

The Nominating Committee consisted of: G. L. McCain, 
chairman, Detroit Section; J. W. White, Buffalo Section; 
F. C. Mock, Chicago Section; Balfour Read, Cleveland Sec- 
tion; O. C. Berry, Indiana Section; R. E. Plimpton, Metro- 
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politan Section; F. M. Young, Milwaukee Section; E. P. 
Warner, New England Section; G. W. Gilmer, Jr., Pennsyl- 
vania Section; H. C. Dickinson, Washington Section; and 
F. S. Daesenberg, F. E. Watts and L. L. Williams, members 
at large. 

This was the annual Nominating Committee, provided for 
by the Society’s Constitution, under which 20 or more mem- 





T. J. Litie, IR. 


bers entitled to vote may constitute themselves a special 
Nominating Committee, with the same power as the annual 
Nominating Committee. The By-Laws of the Society pro- 
vide that a special Nominating Committee, if organized, 
shall on or before Nov. 15 present to the Secretary of the 
Society the names of the candidates nominated by it for the 
elective offices next falling vacant, together with the written 
consent of each. 


McMILLAN WINS 50-YD. DASH 





Greenbrier Hotel Lawn Serves as an Ideal Spot for 
Track and Field Events 


A more ideal spot for the S.A.E. Field Day, which has 
become one of the most interesting features of S.A.E. Sum- 
mer Meetings, than the lawn in front of the Greenbrier 
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MAKING IT IN ONE JUMP 





THE NOMINATING COMMITTEE 


From Left to Right They Are Balfour Read, L. L. Williams, George McCain, G. W. Gilmer, Jr., F. M. Young, F. S. 
Duesenberg, O. C. Berry, F. E. Watts, R. E. Plimpton, H. C. Dickinson, E. P. Warner and F. C. Mock 
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It’s A GREAT GAME 
The Thread-the-Needle Race Was an Innovation at This Year’s Summer Meeting 





HoLtp "EM BUCKWALTER! 
Breathless Interest in Fatman’s Race 





“WuHat’s WRONG WITH THIS PICTURE?” 
“Shorty” McMillan Leads ’Em, but How Does He Do It with Half a Leg Missing? 


Hotel has not been available for several years. Century- TRACK EVENTS 
old oak trees served to shade the large gallery that followed 60-Yd. Dash (Men Under 30)—First, D. Z. Dailey: second, 
he various i se svents. Neil McMi in _ _M. P. Whitney 
t arious track and field event Neil McMillan aga 50-Y¥d. Dash (Men 30 to 40)—First, Neil McMillan; second, 
won the 50-yd. dash for men from 30 to 40, Olney Jones win- _ _B. W. Brodt 
ning the 50-yd. dash for men under 30. Mrs. W. J. Mac- ai a een Over 40)—First, L. P. Jones; second, 
Kenzie again won the baseball-throwing contest. In the 50-Yd. Dash (Boys Under 15)—First, Robert Germane; 
-men’s race : . -T > . ; ; 7 second, Leise Kenyon 
fat-men’s race Rollin Abell was able to come in first owing 50-¥a. Desh 1 itemeeny—-Wiret, ‘Weten . Meets seadels dere. 
to personal difficulties T. V. Buckwalter encountered as H. D. Hukill : 
evidenced by the accompanying photograph of this event. Bean ee Mrs. Porter E. Stone; second, 
Among those starting in this race was F. E. Moskovics, but Fat Men’s Race—First, Rollin Abell; second, T. V. Buck- 
ac . stpmads » 7° > -ofarra “ali . > walter 
as the illustration shows he preferred hurdling to running. Three-Legged Race—First, Neil McMillan and E. L. Jones; 
The needle and thread race, which was an innovation in second, D. R. Swinton and J. N. Prentis 
, A at ‘. Potato Race (Women)—First, Mrs. H. D. Hukill; second, 
this year’s Field Day, was won by Mrs. K. W. Connor. The Miss Helen Kent 
race was not only dependent on the threading ability of the Potato Rate (fen Under 40)—First, A. A. Bull; second, 
, ‘ P . a +. A. Goeselle 
ladies, but involved the speed of their male assistants in de- Potato Race (Men Over 40)—First, A. D. T. Libby; second, 
iveri P P ; L. P. Jones 
livering the needle and thread and returning the threaded Egg Race (Women)—First, Mrs. E. R. Jackson; second, 
needle to the starting point. Miss Constance Brown _ 
The complete list of the events and the winners of each Needic and Tarsad Race (Women) 7 et, ME Pee 


: : 2 nor; second, Mrs. E, R. Jackson ‘ ; 
are given in the accompanying summary. Inter-Sectional Relay Race—First, Detroit; second, Chicago 
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SMASHING THE 
Frora Left to Right the Four Trapshooters Are W. B., 


FIELD EVENTS 


Airplane Race (Women)—First, Mrs. E. H. Ehrman; second, 
Mrs. H. N. Parsons 

Airplane Race (Men)—First, A. F. Milbrath; second, H. E. 
Pengilly 

Airplane Race (Under 15)—Madeline Hughes 

Shot Put—First, Charles Marcus; second, T. V. Buckwalter 

Standing Broad Jump (Men Under 40)—First, Floyd Kish- 
line; second, M. P. Whitney 

Standing Broad Jump (Men Over 40)—First, F. G. Whitting- 
ton; second, T. V. Buckwalter 

High Jump—First, J. C. Talcott; second, D. Z. Dailey 

Throwing the Basebail (Women)—First, Mrs. W. J. Mac- 
Kenzie; second, Miss Olivia Clarkson 





LIBBY AND CURELLO WIN AT HORSESHOES 


In the most spirited and hotly-contested horseshoe doubles 
ever pulled off at a Society meeting, A. D. T. Libby, of the 
Metropolitan Section, and J. J. Curello, of New Haven, car- 
ried off the honors, winning in two straight from E. H. 
Schwarz, of New York City, and Charles Marcus, of Hobo- 
ken, after defeating E. B. Reeser, of Detroit, and Mr. Bar- 
nard, Charles Oppe, of the New England Section and W. L. 
McGrath, of Elmira, best two out of three. The pitching 
was done on wet, springy turf. In the singles, H. N. 
Parsons, of the Chicago Section, became so rattled in 
his match with McGrath by the jibes of a bunch of rooters 
for McGrath that he began pitching at a stake used by an- 
other player. Referee A. A. Skinner was too ably assisted 
in the final doubles by R. J. Nightingale, of Cleveland, who 
tried to rattle Libby by announcing unofficial decisions on 
close points. 


METROPOLITAN SECTION AGAIN WINS CUP 


As a result of the Metropolitan Section athletes winning 
the greatest number of points for the third time at the 1924 
Summer Meeting, the Intersection Trophy presented by the 


Photograph by Underwood & Underwood 
CLAY PIGEONS 
Earnshaw, O. C. Lang, C. L. Sheppy and R. S. Ellis 


Society in 1922, for competition under conditions similar to 
those used at intercollegiate track and field meets, was 
permanently won by the Metropolitan Section. This year a 
new cup was put up by the Society for competition under 
similar conditions. By winning a total of 230 points the 
Metropolitan Section again won the first leg on the cup. 
The points won by the Sections for the different sports are 
given below. 

The method of prorating the points for the various events 
is such that Norman G. Shidle won the medal for the All- 
Round Championship by virtue of the 30 points obtained by 
winning the tennis tournament. Gordon Brown won the 
second highest number of points, scoring 26 points in the 
various swimming events. Coker F. Clarkson won third 
place as a result of being runner-up in the tennis tourna- 
ment. 


LON SMITH IS TRAP SHOOTING CHAMPION 


Lon R. Smith, of the Detroit Section, emerged from the 
3-days’ trapshooting as champion for 1925, with a total net 
score of 117 and a total gross score of 151 in six events. 
O. C. Lang, of Detroit, made a net score of 68 and gross 
score of 92 and W. L. Kaiser, of Chicago, made a net of 68 
and gross of 83. The events were held at the Kates Moun- 
tain Gun Club, near the summit of the mountain facing the 
Greenbrier Hotel, a beautiful location but veiled part of the 
time by mists and rain. The shooters continued despite the 
rain, using guns with which they were unfamiliar, as they 
did not bring their own. They were further confronted with 
the unusual condition of the trap being located below the 
level of the shooting box so that they had to shoot down at 
the clay pigeons. Thursday’s shooting was brought to an 
abrupt stop by the breaking of the trap. The fixing of the 
handicaps was made specially difficult by lack of knowledge 


SUMMARY OF POINTS SCORED BY S.A.E. SECTIONS 


Buf- Chi- Cleve- De- 


Sports falo cago land troit 
Airplane Races ry 8 ‘ 
Archery a 7 oa 5 
Baseball ae “a 10 20 
Field Events 8 10 6 8 
Golf 5 a 25 21 
Horseshoes 3 sé iy? : 
Swimming aa wid 4 7 
Tennis < re i i 
Track Events 3 15 19 52 
Trap-Shooting = e Bis 10 

TOTALS 19 33 64 123 


Indi- Metro- Mil- New Pennsyl- Wash- 
ana politan waukee England vania_ ington 

3 5 5 ; 

3 

1] <a 2 

19 10 5 

: 25 10 ie 

5 64 2 11 

“ 70 10 3 

1 33 8 9 2 
v0 


i) 
w 
= 
or 
ren 
or 
co 
bo 


i 


a. tm a oo ak ott oS a> a 


Vol. XVIT 





MEETINGS OF 


July, 1925 


THE SOCIETY 





of the shooters’ previous records. On Wednesday Lon Smith 
and Mr. Hake shot tie net scores of 41, which was run off 
on Friday, Smith winning. 





GEORGE RALLS WINS GOLF CHAMPIONSHIP 


As a result of the large number of members entering the 
qualifying round for the 1925 S.A.E. Golf Championship, 
the players were divided into five flights of 16 players each. 
The winner of the Championship Flight, George H. Ralls, 
made the low score of 76. This score can only be appre- 
ciated by those who have played the No. 1 Course at White 
Sulphur Springs, for which par is 72. A stream fully 100 ft. 
wide runs through the course with the result that on four 
holes the stream must be driven across to gain the fairway 
and in six other holes a slice or a pull, as the case may be, 
may mean another lost ball. The only redeeming feature 
of Howards’ Creek, as it is called, is that any ball driven 
into it is out of bounds and the second ball driven counts as 
2, not 3. 

Prizes were given for first and second place in each of the 
five flights. The members playing in each flight, together 
with their scores for the final round, are listed below. 


CHAMPIONSHIP FLIGHT 


76; Sanford Brown, 80; F. W. Davis, 85; 
. H. McDuffee, 87; J. E. Schipper, 87; Walter Flannery, 
88; Ralph Gordon, 90; L. V. Cram, 90; H. H. Knepper, 
92; Joseph Bijur, 94; F. C. Thompson, 104 


SECOND FLIGHT 


E. Dwyer, 85; E. L. Vail, 90; Jack Gray, 90; H. E. Butcher, 
91; M. R. Wolfard, 91; Alfred Reeves, 92; Lloyd Jones, 
94; R. M. Owen, 95; J. W. White, 95; L. Dunning, 95; 
Kirke Connor, 96; L. M. Clegg, 98 


THIRD FLIGHT 


F. S. Slocum, 88; F. H. Martin, 92; J. R. Reyburn, 92; 

H. G. Jackson, 93; A. McCauley, Jr., 94; C. B. Johnson, 
95; J. Monjar, 96; R. E. Carpenter, 98: J. B. Funk, 
99; R. E. Clingan, 101; R. E. Clifford, 101; E. Wooler, 
102; R. G. Bradley, 103; J. G. Vincent, 106 


FOURTH FLIGHT 
H. M. Lee, 95; H. E. 


George H. Ralls, 
J 


Adams, 96; E. O. Jones, 99; O. A. 
Parker, 101; A. A. Bull, 101; J. F. Cast, 103; J. T. 
Libbey, 103; J. B. Eccleston, 104; R. A, LaBarre, 105; 
L. R. Buckendale, 105; H. O. K. Meister, 105; H. E. 
Figgie, 111; B. W. Brodt, 121 


FIFTH FLIGHT 
H. D. Hukill, 90; G. N. 100; 
E. Booth, 
1, eae SPF 
Halbleib, 109; 


Gascoigne, 97; W. A. Baker, 
D. Alexander, 101; E. H. Ehrman, 102; F. 

105: Julian Chase, 106; L. H. Gilmer, 
Nightingale, 109; H. E. Maynard, 109; J. 
A. J. Neerken, 113; H. W. Cowan, 131 


Driving and putting contests were also held. J. W. White 
and E. L. Vail took first and second place respectively in 
the driving contest and H. H. Knepper and J. G. Vincent 
proved their accuracy by taking first and second place re- 
spectively in the putting contest. 

The nine-hole golf course was used for the ladies’ golf 
tournament. Although this course was fairly short, it was 





George 
THE 1925 


Rallis 


Denny Duesenberg 
GOLF 


CHAMPION AND A FUTURE CHAMPION 


very tricky, it being stated that over 30,000 golf balls had 
been removed from the lake across which it was necessary 
to drive on the third and fourth holes. The winner of the 
tournament was Mrs. J. B. Funk, Mrs. Ernest Wooler 
making the second lowest score. 








DETROIT BEATS CLEVELAND AT BASEBALL 


Seven to 3 in favor of Detroit was the score in the inter- 
section baseball game between the Detroit and Cleveland 
Sections, played Thursday afternoon immediately following 
the field-day events. It was the only ball game of the meet- 
ing, owing to rain on the preceding days, and no other Sec- 
tions entered teams. It was played on the lawn and had a 
gallery of much-amused spectators. Six innings were played 
and the following score resulted: 


1. 8. 2 £26 
Detroit Section ae eae 1 oO—7 


Cleveland Section 0 0 1 2 0 0—3 


The Detroit players were: Robert Jardine, pitcher; Ralph 
Hunter, catcher; R. G. Bradley, first base; F. A. Cornell, 
second base; B. M. Short, third base; W. M. Hunter, center 
field; L. P. Jones, right field; E. O. Jones, left field, and 
Neil McMillan, shortstop. 

The Cleveland players were: H. E. Figgie, pitcher; W. H. 
Wallace, catcher; T. V. Buckwalter, first base; H. N. Par- 





HITTING THE PILL! 
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WHERE THE TENNIS TOURNAMENTS WERE HELD 
The Clay Courts around the Casino Were the Scene of Many Spirited Matches 


sons, second base; J. J. McIntyre, third base; E. W. Weaver, 
center field; T. S. Kemble, right field; H. R. Portugal, left 
field; G. H. Ralls, shortstop. 

It was a warmly-contested game, with the usual accom- 
paniments of a professional game, including vociferous dis- 
putes and jeering of the umpire over decisions. One warm 
argument arose over the claim of interference with a ball 
thrown by the catcher to first base to put out a batter who 
had made a short hit, and another grew out of a run home 
from second base on a muffed ball, there having been three 
men on bases and the man on third having run home on the 
batted ball. When the umpire could make himself heard 
above the dispute among the contestants who gathered in 
the diamond, he ordered the man from second base back to 
base and the playing continued. “Shorty” McMillan, who 
covered the outfield in a vigorous and effective way, was 
equally efficient in demanding that the game be run accord- 
ing to rules. 


LARGE GALLERY SEES SWIMMING EVENTS 





Martha and Charles Norelius and Arne Borg, Olympic 
Champions, Entertain Members 


Although the Swimming 
Carnival had been scheduled 
for Wednesday afternoon, a 
persistent thunderstorm on 
Tuesday afternoon that made 
golf and tennis impossible 
caused the Sports Commit- 
tee to advance the Swimming 
Carnival to Tuesday after- 
noon. During the Carnival 
Martha and Charles Norelius 
and Arne Borg entertained 
the gallery with an exhibi- 
tion of fancy diving and 
swimming. All three are 
members of the United 
States Olympic Swimming 
Team and are holders of 
several Olympic Records. 

The winners of the vari- 
ous events are 


33-Yd. Swim (Ladies)—First, Miss Helen Brown; second, 
Miss Olivia Clarkson 





MARTHA NORELIUS 


33-Yd. Swim—Novice (Men)—First, A. M. Yocom; second, 
William Fairhurst 

25-Yd. Swim (Boys under 15)—First, Denny Duesenberg 

66-Yd. Swim (Men)—First, Gordon Brown; second, Neil 
McCoull 

Plunge for Distance (Men)—First, William Fairhurst; second, 
L. Clayton Hill 

Candle Race (Ladies)—First, Miss Helen Brown; second, 
Miss Olivia Clarkson 

Plate Diving Contest (Men)—First, A. K. Brumbaugh; 
second, C. T. Klug 

Medley Race (Men)—First, Gordon Brown; second, William 
Fairhurst 

Water Golf (Men)—First, A. G. Herreshoff; second, G. A 
Goesele 

Fancy Diving (Men)—First, Gordon Brown; second, Neil 
McCoull 

Sectional Championship Relay (Men)—First, Metropolitan 
Section; second, Detroit Section 





THE Aquatic “SPIRIT’ AT WHITE SULPHUR SPRINGS 


Although A. K. Brumbaugh did not enter the fancy-diving 
contest, he gave several exhibition dives that proved to the 
satisfaction of the gallery that he could easily have taken 
first prize if he had entered the contest. His bullfrog dive 
was as true to life as Gordon Brown’s winning swan dive. 
As usual Gordon Brown loafed home first in the 66-yd. race. 
It is hoped that the new groups on the Pacific coast will 
produce some swimmers who will make these events inter- 
esting to the Brown Brothers in the future. 


SHIDLE WINS TENNIS CHAMPIONSHIP 


Although the thunderstorms on Tuesday and Wednesday 
of the Summer Meeting interfered with the tennis tourna- 
ments, it was possible to complete them by limiting the first 
rounds to single sets. The most exciting contest of the men’s 
singles tournament was the match in the semi-final round be- 
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tween J. P. Nikonow and Norman Shidle. The score of 6—2 
and 6—1 was not at all indicative of the contest as Nikonow 
forced practically every game to deuce and the result of the 
match was in doubt up to the last point. Mr. Nikonow’s 
showing in the 1926 Tennis Tournament will be looked for- 
ward to with interest. In the final match, Norman Shidle 
defeated C. F. Clarkson 6—1, 6—4 and 6—2, thus winning 
the championship for the third time. 

In the final round in the men’s doubles, C. F. Clarkson and 
Norman Shidle defeated J. P. Nikonow and Rollin Abell, 
6—1 and 6—1. In the ladies’ singles, Mrs. J. D. Cutter in 
the final round defeated Mrs. Hukill, 9—7. The summary of 
the three tournaments is given below. It is the consensus of 
opinion that following the championship tournament at the 
1926 Summer Meeting some kind of handicap tournament 
should be played to make the sports of more interest to the 
members primarily interested in tennis. 


MEN’S TENNIS SINGLES 


First Round—C. F. Clarkson defeated B. B. Bachman, 6-0; 
>. T. Klug defeated J. J. McElroy, 6-2; J. P. Nikonow 
defeated D. R. Swinton, 6-6, 6-3; Mr. Hubner defeated 
Leighton Dunning, 6-0; J. P. Nikonow defeated L. B. 
Whit, 6-3 

Second Round—J. P. Nikonow defeated Mr. Hubner; Nor- 
man Shidle defeated A. K. Brumbaugh, 6-0; B. J. 
Lemon defeated Rollin Abell, 6-2 

Semi-Final Round—cC. F. Clarkson defeated B. J. Lemon, 
$-¢ te 6-0; Norman Shidle defeated J. P. Nikonow, 
=— 6-1 

Final Round—Norman Shidle defeated C. F. Clarkson, 6-1, 


6-4, 6-2 
MEN’S TENNIS DOUBLES 


Semi-Final Round—J. P. Nikonow and Rollin Abell defeated 
B. J. Lemon and D. R. Swinton, 6-4, 8-6, 6-3 

Final Round—cC. F. Clarkson and Norman Shidle defeated 
J. P. Nikonow and Rollin Abell, 6-1, 6-1 


LADIES’ TENNIS SINGLES 


First Round—Mrs. R. E. Plimpton defeated Mrs. Blanchard, 
6-3; Mrs. J. D. Cutter defeated Mrs. Thompson, 6-4; 
Mrs. W. M. Nones defeated Miss Berge by default; Mrs. 
H. D. Hukill defeated Miss O. Clarkson by default 
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THEY PLAY TENNIS, IN CASE You Don’t Know It 


Winners in the Men’s Tennis Doubles, Norman Shidle and C. F. 
Clarkson. In the Men’s Singles They Were Opponents, Shidle 
Being the Victor 


Semi-Final Round—Mrs. H. D. Hukill defeated Mrs. R. E 
Plimpton, 9-7; Mrs. J. D. 


Cutter defeated Mrs. W. M. 
Nones by default 
Final Round—Mrs. J. D. Cutter defeated Mrs. H. D. Hukill, 


9-7 


SOCIETY EXHIBIT ATTRACTS ATTENTION 


An innovation of the 1925 Summer Meeting was an ex- 
hibit in the hotel lobby intended to give members of the 
Society a clearer idea of the different activities of the So- 
ciety. The exhibits of S.A.E. Standards that were shown at 
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PART OF THE EXHIBITION IN THE LOBBY SHOWING THE ACTIVITIES OF THE SOCIETY 


It Was Made-Up of Charts Showing the Work of the Different Departments, Examples of S.A.E. Standards and a Series 
of Views of the Offices 
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the Automotive Maintenance Equipment Show in Detroit 
formed the central part of the exhibit. These covered poppet 
valves, piston-rings, spark-plugs, lock-washers, felt, brake- 
lining, clutch facings, tube fittings, ball bearings and many 
other standard parts. Photographs of the various offices 
served to show the organization necessary to carry on the 
different departments. The work of the departments was 
shown in diagrammatical charts intended to indicate the 
more important work carried on by each department and 
the progress that has been made in recent years. 


NEWS IN THE DAILY SAE 


Each day’s doings of the 
convention were reported in 
the Daily SAE, issued for 
the Society by the Bendix 
Brake Co. and copiously il- 
lustrated with cartoons and 
with portraits of prominent 
Society people. It was a 
four-page paper containing 
the program for the follow- 
ing day, reports of business 
meetings and the technical 
sessions, scores of the sports 
events, personal items in a 
light vein, and, in the last 
issue, for Friday, the list of 
nominees for officers of the 
Society for 1926. The paper 
was much sought after, as it 

JOHN A. DRAKE was the only local sheet 
available. It was published 
under great difficulty, as it had to be printed in Covington, 
20 miles away over the mountains. J. A. Drake, editor in 
chief, had his hands full, despite a brilliant array of news- 
paper talent exhibited in the masthead. He was not only 
editor but was also reporter and make-up man. His skirm- 
ishes for news put him in good trim for the field-day events 
but he had no time to take part in them. Lack of facilities 
for making drawings and engravings within several hundred 
miles made it necessary to have all of the illustrations pre- 
pared in advance. Full-page cartoons of golf and field-day 
events, as conceived by Hal Hoopes, were very amusing. 


SECTIONS ASSERT INDIVIDUALITY 








Indiana, Cleveland, Chicago, Pennsylvania and Metro- 
politan Among Those in Evidence 

Members of the Pennsylvania Section, who attended the 

Summer Meeting, were easily recognized by white brassards 


bearing blue keystones. Metropolitan Section members were 
also properly labeled by ribbons. 





W. G. Wall 


THE STAGE MANAGER AND THE STAR OF THE INDIANA SECTION’S 
“INDIANA NIGHT” 


William H. Herschell 


WAR PAINT AND WAMPUM 


On the evening of the Grand Ball, the “Indians” from 
Indiana produced an exceedingly clever and thrilling stunt 
that was billed under the heading “Indiana Night.” Bill 
Herschell, the well-known Indiana poet, portrayed in most 
blood-curdling fashion the soothsayer ever ready to draw 
from the spirits a variety of “wise cracks,” dirty digs and 
prognostications of infinite intricacy. Gathered about the 
tepee in true Indian style, with feathers and tom toms, the 
group of lusty braves from Indiana inspired the assembled 
multitude, and by their war whoops made the blood run cold. 

The chronicler of this event noticed in the face of heap 
big chief Horseless Wagon a strange resemblance to the well- 
known wampum winner, F. E. Moskovics, who inspired many 
of the pithy sayings that issued from time to time from the 
ferocious orifices of his braves. Hiawatha, an exact double 
of George Briggs, seemed to be very disconsolate in the ab- 
sence of the old Nokomis, but he was cheered from time to 
time by the lilting tones of a minor poet, the brave Ethyl 
Gas, whose intonations were generally hopeful but not 
without a tinge of sadness. 

Commendatory volumes might be written about the above 
event and the members who participated in it. It may be 
said that the affair was a complete success and well worth 
the effort. W. G. Wall acted as stage manager. 


CLEVELAND RUNS WHEEL OF FORTUNE 


Not to be outdone by the stunts of other Sections, the 
members from Cleveland produced, on the evening of the 
17th, a wheel of fortune that turned to the benefit of numer- 
ous ladies and gentlemen who received attractive prizes as 
the wheel stopped opposite the lucky numbers. At dinner 
on Wednesday evening attractive lead pencils, each marked 
with a number as well as with the name of the Cleveland 
Section, were distributed to all present. The persons who 
held the pencils with numbers corresponding to those indi- 
cated by the wheel were the recipients of the prizes. 


CHICAGO MAKES A HIT WITH LADIES 


The ladies of the Society were very happy to receive 
corsage bouquets, made up of beautiful flowers, at the in- 
stance of the Chicago Section. These bouquets were worn 
at the Grand Ball on Thursday evening. 


AN ENJOYABLE WEEK FOR THE LADIES 





Numerous Sports and Field Events and Other Activities 
Engage Their Attention 


Two hundred ladies attended the Summer Meeting and ac- 
cording to all indications they spent a most enjoyable week. 

A Ladies’ Entertainment Committee had been asked to 
assist in seeing that the ladies became acquainted and en- 
joyed their stay at White Sulphur Springs. The Committee 
met on the first day of the Summer Meeting and discussed 
plans for the various events that had been arranged for the 
ladies. The success of the ladies’ activities was largely due 
to this Committee, the personnel of which is given on p. 125. 

Many availed themselves of the opportunity afforded by 
the sight-seeing tour on Wednesday morning to view the 
beautiful scenery and the points of interest in the neighbor- 
hood of White Sulphur Springs. 

Bridge at the Casino was enjoyed by about 80 ladies each 
afternoon except Tuesday, tea being served at the close of 
the games. The first prize on Wednesday wus won by Mrs. 
H. G. Jackson, the second prize by Mrs. J. D. Cutter. Mrs. 
O. A. Kenyon captured the first prize on Thursday, Mrs. 
R. G. Bradley being awarded the second. On Friday, Mrs. 
W. S. Bennett and Mrs. E. H. Ehrman were winners of the 
first and the second prize respectively. 

Archery, a novel feature at this year’s meeting, was very 
popular. Mrs. Lon R. Smith was the winner of the first 
prize, and Mrs. A. G. Metz was the recipient of the second 
prize. 

An account of golf, tennis and other sports and field events 
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in which ladies participated will be found in the news ac- 
count devoted to those events. Other features in which the 
ladies took part included a reception on Wednesday after- 
noon, a musicale each afternoon, motion pictures and danc- 
ing each evening. On the evening of the Grand Ball each 
lady was delighted by being the recipient of a beautiful 
corsage bouquet of tea roses and lilies of the valley, a gift 
from the Chicago Section. 

It is hoped that the success of the ladies’ activities will 
insure an even larger attendance at the Summer Meeting 
next year, when every effort will be made to arrange for the 
ladies events of even greater attractiveness. 


SUCCESS THROUGH COOPERATION 


Members Perform Valiant Service in Connection with 
Sports and Sessions 


The credit for a successful Summer Meeting cannot be 
justly ascribed to any one or two individuals, for there is 
perhaps no better example of helpfulness among a rela- 
tively large group of loyal S.A.E. enthusiasts. The Council 
and the Meetings Committee fully appreciate the fact that, 
without this spirit, the ultimate success of the 1925 Summer 
Meeting would have been impossible. Those who contributed 
so generously of their time and effort can derive consider- 
able compensation in realizing that their assistance was 
appreciated. 

The Meetings Committee, T. J. Litle, chairman, was, of 
course, responsible for the arrangement of the program and 
the general conduct of the meeting. 

The following persons are worthy of credit because of their 
activities in connection with the technical sessions as noted 
elsewhere in this issue: H. 8. Baldwin, A. B. Barber, D. P. 
Barnard, 4th, R. W. Brown, Earle Buckingham, O. M. Burk- 
hardt, J. R. Cautley, A. Ludlow Clayden, H. C. Dickinson, 
A. Y. Dodge, J. O. Eisinger, G. A. Green, C. O. Guernsey, 
P. M. Heldt, K. L. Herrmann, H. L. Horning, J. H. Hunt, 
C. F. Kettering, Neil MacCoull, C. F. Marvin, Jr., F. C. 


(Concluded on p. 125) 
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A Goop EYE AND A STEADY ARM 


Mrs. Lon R. Smith, Winner in the Archery Contest Which Enjoyed 
Such Popularity among the Ladies 





THOSE 


RBSPONSIBLE 


FOR THE ENTERTAINMENT OF THE LADIES 
From Left to Right They Are Miss J. A. McCormick, Mrs. B. Brede, E. V. Rippingilie, Mrs. Walter R. Flannery, Miss U 
Delchamps, Mrs. B. B. Bachman, Mrs. O. C. Berry, Mrs. Azel Ames, Mrs. C. F. Clarkson and Mrs. H. L. Horning 
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STANDARDIZATION ACTIVITIES 


The work of the Divisions and Subdivisions 
of the S. A. E. Standards Committee and 
other standards activities are reviewed herein 





STANDARDS COMMITTEE MEETING 





Action Taken at White Sulphur Springs on 25 Recom- 
mendations of 12 Divisions 


The regular semi-annual 
meeting of the Standards 
Committee was held at 
White Sulphur Springs, 
W. Va., during the afternoon 
of June 18 with Vice-Chair- 
man C. M. Manly presiding. 
Twenty-five reports by 12 
Divisions, which were printed 
in the June issue of THE 
JOURNAL, commencing on p. 
581, were approved as pre- 
sented or amended in the 
meeting. The action of the 
Standards Committee Meet- 
ing was approved by the 
Council and at the adjourned 
business session on Friday 
afternoon. 

In accordance with the 
Standards Committee regu- 
lations, a  letter-ballot of the Society members. on 
final approval of the reports will be returnable and 
counted 21 days following publication in THE Jour- 
NAL of the action taken on them at the Standards Com- 
mittee Meeting. A ballot on the following reports is, there- 
fore, returnable on July 27, 1925. The usual ballot form 
will be sent to each Member of the Society and will provide 
for affirmative and negative votes. Each subject to be voted 
upon will be given in the ballots by title accompanied by the 
page reference of the report as published in the June issue of 
THE JOURNAL, which should be consulted by the members 
together with this issue in which is recorded the principal 
discussion on reports and the action taken on them. 

Often letter-ballots on Standards Committee reports are 
returned unsigned by members. These, of course, cannot be 
counted. Also a considerable number of ballots are usually 
received after the date on which ballots are counted. Many 
of these ballots undoubtedly represent the opinion of mem- 
bers who are particularly qualified to vote on the subjects, 
and to avoid having these ballots thrown out it is urged 
that all members be particularly careful to sign their ballots 
and return them within the specified time. 

The following includes only such changes as were made in 
the Division reports printed in the June issue of THE JouR- 
NAL referred to above that were approved for submission to 
letter-ballot by the members and the principal discussion of 
subjects at the Standards Committee Meeting. This report, 
together with the original reports published in the June 
issue, should be considered when filling in the letter-ballots. 
The page reference following each subject refers to the page 
of the June issue of THE JOURNAL on which the respective 
reports were printed. 


AERONAUTIC DIVISION 
AERONAUTICAL SAFETY CODE 
(Approval by the Society as Sponsor, p. 581) 
THE DISCUSSION 


E. P. WARNER:—The Aeronautic Division submits for ap- 
proval the Aeronautical Safety Code of the Sectional Com- 








mittee organized under the joint sponsorship of the Society 
and the Bureau of Standards. A few criticisms have been 
submitted since the Code was formally accepted and ap- 
proved by the Sectional Committee but they are of a very 
minor order and I do not think they are likely to make any 
trouble because the Code will be subject to revisions as the 
science of aeronautics progresses. 

W. C. Keys:—I move that the report be approved as sub- 
mitted. 

[The motion was seconded and carried. ] 


ARMY-NAVY STANDARDS 
(Proposed S.A.E. Recommended Practice, p. 582) 
THE DISCUSSION 

PROFESSOR WARNER:—The Army and the Navy are at 
present the principal purchasers of aircraft in this Country 
and the aircraft builders have necessarily been working un- 
der Army and Navy specifications that have to a large extent 
been different in the past. The joint Army and Navy Board 
has now reached agreement on specifications for certain 
parts that do not necessarily have to differ on land and sea 
planes, such as turnbuckles, cable shackles, rigid terminals, 
brass cotter pins, pulleys for control cable, hose liners for 
flexible connections in gasoline lines, thimbles for cable ter- 
minals and steel washers for wood. 

Some criticism, of which echo may have reached members 
of the Standards Committee, has been made of the Army- 
Navy Standards by the industry concerning primarily the 
materials that are required, some of which are difficult to se- 
cure commercially. Materials, however, are not specified 
in this report and no serious criticism of the form of the 
parts recommended and as adopted by the Army and Navy 
Board has been received. The Aeronautic Division there- 
fore recommends these specifications for adoption as S.A.E. 
Recommended Practice. 


A. D. T. Lispy:—I move that the report be approved. 
[The motion was seconded and carried.] 


AERONAUTICAL RECOMMENDED PRACTICES 
(Proposed Cancellation of S.A.E. Recommended Practices, 
p. 594) 

THE DISCUSSION 
PROFESSOR WARNER:—The Aeronautic Division recommends 
that the S.A.E. Recommended Practices for Marking of 
Pipe Lines, Systems of Measurement and Gaging of Sheet 
Metal, Rods, Tubes, Wires and Cables be cancelled. The 
Marking of Pipe Lines is covered with some modifications 
from the original recommended practice in the Aeronautical 
Safety Code. The other subjects are not considered suitable 

for standardization. 


Mr. Keys:—I move approval of the report. 
[The motion was seconded and carried. ] 


AGRICULTURAL POWER EQUIPMENT DIVISION 
TRACTOR TESTING FORMS 
(Proposed S.A.E. Recommended Practice, p. 585) 
THE DISCUSSION 
A. Boor:—In connection with the factors for corrected 
horsepower in the report, I think the Bureau of Standards 
has recommended a barometric pressure of 760 mm. which 
is 29.92 in. and 20 deg. cent. temperature which is 68 deg. 
fahr. The question of correcting horsepower is coming into 
more prominence in the automobile field and if a correction 
is included in this report it should be one that is generally 
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used. I would suggest that the matter be taken up further 
with the Bureau of Standards to find out if a definite stand- 
ard does exist and if so that it be adopted. 

R. S. BURNETT:—In that connection, the report states 
briefly that the reason for specifying the figures given is 
that they conform more nearly to the conditions throughout 
the tractor regions of the Middle West and will give truer 
ratings for the power actually delivered in tests. 

Mr. Boor:—But the figures deduced by the correction will 
at least be comparable regardless of where they are used. 

CHAIRMAN C. M. MANLY:—The figures may be comparable 
and yet not give the data in such form as to be of the 
greatest utility to the industry that is directly concerned. 
I think that the Division must have had good reasons for se- 
lecting these figures and for calling particular attention to 
them. It seems to me that unless we know of a particular 
purpose of sufficient weight for disagreeing with their recom- 
mendations we might better approve the report with the un- 
derstanding that the Division would be consulted with ref- 
erence to the point raised before considering these figures as 
final. However, the fact that the Division has gone into the 
matter as definitely as it has puts an obligation on us not to 
set aside their work hastily. 

Mr. Boor:—The point I want to make is that if we ap- 
prove these figures for tractors we also approve them for 
automobile engines and possibly for aircraft engines. 

CHAIRMAN MANLY:—No, these are forms for tractor 
testing. Aircraft may require one combination of relation- 
ships, automobiles another and tractors another to make 
the data of the greatest utility to each particular division 
of service. I do not know that we are interested in the 
question of relationship of tractor horsepower to automo- 
bile horsepower or aircraft horsepower. The important mat- 
ter is the relation of tractor horsepower to the conditions 
that have to be met in the use of tractors. 

Mr. BURNETT:—The standard conversion factors for auto- 
mobile engines are 29.92 in. of mercury and 60 deg. fahr. as 
given in the Engine Testing Forms on p. A59 of the S.A.E. 
HANDBOOK. 


Mr. Lispy:—I move that the report be approved. 
[The motion was seconded and carried.] 


BALL AND ROLLER BEARINGS DIVISION 
THRUST BALL BEARINGS, CLUTCH TYPE 
(Cancellation of S.A.E. Recommended Practice, p. 587) 
[The report was approved. ] 
ELECTRICAL EQUIPMENT DIVISION 
INSULATED WIRE AND CABLE 
(Proposed Revision of Present S.A.E. Standard, p. 587) 
THE DISCUSSION 


T. L. LeE:—The report of the Electrical Equipment Divi- 
sion recommends certain changes in the present specifica- 
tions for insulated cable. The important changes are the 
specification of the so-called Gier test for rubber, a slight 
change in the thickness of rubber insulation of one par- 
ticular size of wire and other modifications. Since this re 
port was published, criticisms have been made pertaining 
to the Gier test and also to the circular mil area of some 
of the wires, but to present the report for discussion, I move 
its approval. 

[The motion was seconded. ] 

S. R. DRESSER:—The Gier test was included in the report 
as an alternative for the present physical tests of the rub- 
ber. After checking this test in our laboratory, I am pre- 
pared to say that rubber insulation that will meet our former 
physical test will conform to the proposed Gier test but I 
am not yet prepared and think it is an open question for dis- 
cussion as to whether rubber that will meet the Gier test will 
meet our former test. I am opposed to having alternative 
specifications in the standards that do not check up and 
think this one should be held up for further research. 

W. S. Haccorr:—The American Society for Testing Mate- 
rials has recently informed us that it has been conducting 
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investigations as to the suitability of the Gier test for in- 
sulated wire and cable and that it is not yet satisfied that the 
test is applicable to this class of rubber product. It is the 
practice of the Standards Committee to work closely with the 
American Society for Testing Materials in connection with 
the formulation of test specifications and it would be much 
better to wait until the investigation of this subject is fin- 
ished and definite conclusions are reached. That Society 
seems to feel that it will not be in a position to go on record 


definitely regarding the Gier test for another year or pos- 
sibly longer. 

In view of the discussion here, and if Mr. Lee and his second 
will withdraw their motion, I would like to move that this 
report be referred back to the Subdivision for further con- 
sideration and a report at a later date. 

Mr. LEE:—I withdraw my motion. 


[The seconder also consented to withdraw the motion.] 


Mr. Lipsy :—I will second Mr. Haggott’s motion. 

CHAIRMAN MANLY:—Gentlemen, the original motion has 
been withdrawn and you have a motion before you to refer 
this report back to the Subdivision with a request to in- 
vestigate these matters and report at a later date. 


[The motion to refer the report back to the Subdivision was 
carried. ] 
ENGINE DIVISION 
POPPET VALVES 
(Proposed S.A.E. Recommended Practice, p. 588) 
[The report was approved. ] 


LIMITS FOR CLUTCH DISCS 
(Proposed Extension of Present S.A.E. Standard, p. 588) 
[The report was approved.] 


THROTTLE-LEVER THREADS 
(Proposed Revision of Present S.A.E. Standard, p. 588) 
[The report was approved.] 


PISTON-PIN DIAMETERS 
(Proposed S.A.E. Recommended Practice, p. 588) 
[The report was approved.] 


IRON AND STEEL DIVISION 
MOLYBDENUM STEELS 
(Proposed S.A.E. Recommended Practice, p. 588) 
[The report was approved.] 


LIGHTING DIVISION 
MOTORCOACH LAMP MOUNTINGS 


(Proposed Extension of Present S.A.E. Standard, p. 589) 
[The report was approved.] 


MOTORBOAT DIVISION 
ENGINE BED TIMBERS 
(Proposed S.A.E. Recommended Practice, p. 589) 
[The report was approved.] 
MOTORCOACH DIVISION 


MOTORCOACH SPECIFICATIONS 
(Proposed S.A.E. Recommended Practice, p. 589) 


MOTORCOACH NOMENCLATURE 
(Proposed S.A.E. Standard, p. 590) 


THE DISCUSSION 


G. A. GREEN:—This report covers certain recommended 
practices that it is proposed should be followed in connection 
with the design of motorcoach chassis and bodies. In most 
cases the specifications or practices indicate the objective 
rather than the method that should be pursued to reach that 
objective and they are as broad as it is consistent to make 
them. The last part of the report deals with nomenclature 
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covering the descriptions of the various types of motorcoach 
as regularly operated. 


W. R. STRICKLAND:—I move that the report be approved. 
[The motion was seconded.] 


R. E. PLimpton:—As I understand it the motion includes 
the nomenclature. I would like to be placed on record as a 
member of the Society as objecting to any action being taken 
toward standardizing the term coach for public service 
vehicles of large passenger-carrying capacity. At present a 
similar vehicle is built by automobile manufacturers which I 
have heard defined as a cheap closed-body car. The term 
coach is used for railroad passenger-cars. A new trolley car 
has recently been brought out which is being called a rail 
coach. Now, as I understand it, the purpose of this stand- 
ardization is to adopt what is current practice and not 
something that is used by only a part of the industry. It 
seems to me that in view of this doubtful practice, the best 
thing to do is to refer the matter of nomenclature to the 
Nomenclature Division to be discussed more fully than it can 
be here. 

Mr. GREEN :—The purpose of this organization is to produce 
some kind of a standardization and it would seem to be a 
step in the right direction if we can agree to use the word 
motorcoach since the Division has spent considerable time on 
this matter and has decided to recommend it. The American 
Electric Railway Association has cooperated with the Divi- 
sion and I believe has endorsed these recommended practices. 
In short, it is my understanding that the Motorcoach Divi- 
sion, supported by the railroad group, sponsored the use 
of the term motorcoach rather than the word bus. 

It is true that a number of companies build buses and it 
is true that a number of companies build so-called coaches. 
The motorcoach is properly conceded to be a rather better 
class of vehicle and some of us have hopes that those who 
build buses will finally convert themselves to building motor- 
coaches, 

W. J. BRYAN:—The coach as manufactured by a number 
of the automobile makers is strictly a coach; it is not a 
motorcoach. We never hear any criticism of the term 
motorcoach; we do hear criticism of the word coach. We 
hear criticism of the word bus as applied to the automobile; 
surely the term motorcoach is more euphonious and expres- 
sive than bus or coach alone, and I heartily concur in the 
action of the Division in conjunction with the American Elec- 
tric Railway Association in the selection of the word motor- 
coach, because that is what it is. 

M. C. HoRINE:—Why, when we have a standard term that 
is universally understood, which is motorbus and not bus, is 
it necessary to adopt something comparatively new to most 
of us, something that certainly does conflict with the stand- 
ard term for a type of passenger-car body and that carries 
with it the suggestion of second-class transportation on rail- 
roads. We cannot standardize that which is already stand- 
ardized in common understanding. Another type of motor- 
bus body is becoming increasingly popular which is known as 
the parlor car. Now what can be more ridiculous, at least 
from the standpoint of one who is familiar with railroad- 
coach or railway-car nomenclature, than to speak of a par- 
lor-car coach? It would be like speaking of an attic cellar. 
The word bus in itself means nothing, it is a contraction of 
omnibus meaning “carry all” in Latin but motorbus is a dis- 
tinctive term that has been used in this Country and abroad 
for many years as describing a distinctive type of vehicle. 
It is in far greater use than motorcoach, which was adopted, 
I believe, purely for purposes of distinction by certain organ- 
izations. 

Mr. GREEN:—Let us analyze the last speaker’s point just 
a moment. In the first place, motorcoach describes equip- 
ment as a whole just as does the term automobile. We do 
not say automobile sedan, neither do we expect to say motor- 
coach parlor car. Now as to which is standard on these 
various terms is rather an open question. As a matter of 
fact I think the word coach was copied in the automotive in- 
dustry and was born in the bus trade. 

Another thing; what will we call this peculiar breed of 
equipment that is being developed? Why not use the word 
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jitney if we intend to talk about buses because bus does not 
mean anything? We are talking about buses, motorbuses, 
jitneys and various other types of apparatus. Surely the 
word motorcoach is a much more definite term; it describes 
the thing more convincingly. The word bus does not de- 
scribe anything. 

L. C. PORTER:—I move that the term motorcoach be re- 
ferred back to the Division for further consideration and that 
the rest of the report be adopted. 


[The motion was seconded. ]} 


CHAIRMAN MANLY:—Gentlemen, you have heard the mo- 
tion, which is subsidiary to the main motion, that the term 
motorcoach be referred back and the rest of the report 
adopted. The amending motion has been seconded and I will 
ask for further remarks. 

Mr. BuURNETT:—The Equipment Committee of the Ameri- 
ean Electric Railway Association which is probably one of 
the most representative bodies of large users or operators 
of motorcoaches has approved this nomenclature and is 
waiting for similar action here because it is very anxious 
to have fully cooperative results between both organizations. 
It has given this matter considerable attention and I be- 
lieve it feels satisfied with this report that was formulated 
jointly. 

MR. STRICKLAND:—I believe that a similar recommendation 
was made originally some time ago in regard to the adoption 
of the word coach in the automobile industry but that it was 
referred back by the Standards Committee Meeting after dis- 
cussion similar to this. I was in favor of the use of the 
word coach at that time because it was in general use and 
seemed fitting as describing a certain type of automobile. 
I am at present in favor of the use of the word motorcoach 
and expect to vote for it. 

Mr. GREEN :—We should be very careful about rejecting this 
recommendation because a number of fairly intelligent men 
have spent considerable time on it, and we are anxious to 
work in harmony with the railroads particularly. 

B. M. SMARR:—Has this matter been referred to the 
Nomenclature Division? 

Mr. BURNETT:—It has been referred to the whole Stand- 
ards Committee, including the Nomenclature Division. The 
Nomenclature Division’s function is to correlate the nomen- 
clatures recommended by the other Divisions of the Stand- 
ards Committee into a single standard for automobile 
nomenclature. 

Mr. PLIMPTON :—On the Pacific coast many large operators 
use the word stage and it seems to me that the Society is 
taking a big order in trying to convince them that they 
should use coach. Some of the newer companies use the 
word coach but some of the others, who still have the word 
bus in their title, manage to get along and pay dividends. 
I think that the people in general will continue to use the 
word bus in spite of any action that you may take here. 

E. W. WEAVER:—I seconded the amendment to the motion 
because it seems unfortunate to tie up this matter of nomen- 
clature with the important specifications that are provided. 
I like the dignity of the word motorcoach instead of bus but 
think it is more important to act on the specifications than 
to hold up the whole report of the Division. 

Mr. Keys:—I never heard of anybody saying he was going 
to ride on a motorcoach, he says he is going to ride on a bus. 
Bus is the slang, the quick short word, but to dignify our 
nomenclature I am in favor of motorcoach. 

CHAIRMAN MANLY:—The amendment to the motion is the 
first thing before you. Please vote on this amendment. 


[The amendment was lost by 5 to 10.] 


CHAIRMAN MANLY:—The amendment is lost. We will now 
vote on the original motion to approve the report including 
the specifications and the nomenclature. 

[The report was approved unanimously. ] 


PARTS AND FITTINGS DIVISION 
COMPRESSION TYPE TUBE FITTINGS 


(Proposed Extension of Present S.A E. 
Practice, p. 591) 


Recommended 
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THE DISCUSSION 
Mr. Keys:—lIn submitting this report, we would like to 
omit the dimensions referring to pitch diameters that are 
given in the table at the bottom of p. 591 as they are related 
to the report of the Screw Threads Division which will be 
withdrawn for further consideration. With the exception of 
these dimensions, I move that the report be approved. 


[The report was approved.] 
SCREW THREADS DIVISION 
EXTRA-FINE THREAD FITS APPLICATIONS 

EXTRA FINE THREAD FITS 

(Proposed Extensions of Present S.A.E. Standards, p. 592) 
THE DISCUSSION 

E. H. EHRMAN:—At a meeting of members of the Parts 
and Fittings Division and the Screw Threads Division this 
morning to discuss some questions that have very recently 
arisen regarding the tolerances of the threads for the com- 
pression tube fittings, it was found that the same questions 
relate to the tables proposed by the Screw Threads Division 
and it was therefore decided to withdraw these reports for 
further consideration and presentation at a later meeting of 


the Standards Committee. It is therefore not necessary to 
take any action on them today. 


STORAGE-BATTERY DIVISION 
3ATTERY RATINGS AND CAPACITIES 
(Proposed Revision of S.A.E. Recommended Practice, p. 594) 
THE DISCUSSION 
W. E. GossLinc:—This report is submitted as printed in 
the June issue of THE JOURNAL, except that as a result of a 
meeting held by members of the Division this morning it was 
decided to change the minimum ampere rating for 20 min. 
of the No. 4 battery from 143 to 159, the maximum ampere- 
hour rating based on the 20-hr. rate from 125 to 140 and 
the maximum length from 13% to 13% in. 
L. C. PorteR:—I move that the report as revised be ap- 
proved. 





[The motion was seconded and carried.] 
ATTENDANCE AT MEETING 
The members of the Standards Committee and the 
Society and the guests in attendance were 


Standards Committee Members 


A. Boor -,; oe Kroeger 
A. K. Brumbaugh T. L. Lee 
R. S. Burnett A. D. T. Libby 
Cc. EF. Clarkson Cc. M. Manly 
J. D. Cutter A. J. Neerken 
S. R. Dresser H. N. Parsons 
KE. H. Ehrman L. C. Porter 
W. E. Gossling B. M. Smarr 
G. A. Green Cc. W. Spicer 
W. S. Haggott W. R. Strickland 
Cc. E. Heywood Cc. B. Veal 
M. C. Horine J. M. Watson 
H. S. Jandus EK. W. Weaver 
W. C. Keys R. E. Wells 
F. M. Young 

Society Members and Guests 
H. F. Blanchard W. H. Hutchins 
W. J. Bryan R. S. Plexico 
R. M. Hudson R. E. Plimpton 


EK. P. Warner 





CRANKCASE-OIL SPECIFICATIONS 


Progress Made by Joint Committee Toward Revising 
S.A.E. Recommended Practice 


At a meeting on June 23 of members of the Lubricants 
Division and a subcommittee of the American Society for 
Testing Materials’ Lubricating Oil Committee D-2 during 
the convention of the American Society for Testing Ma- 
terials at Atlantic City, N. J., revision of the present S.A.E. 
Specifications for crankcase lubricating oils, except for air- 
craft, was discussed with the intention of reducing the 
number of grades to as.few as possible and of establishing 
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a method of designating the grades so that the oil pro- 
ducers can brand their containers accordingly. The prin- 
cipal reason the producers do not use the present specifica- 
tion numbers on their containers seems to be that they feel 
such branding would be taken as indicating the quality of 
each oil so branded, whereas the specifications are intended 
to govern only the minimum requirements. 

It was practically decided to limit the revised specifica- 
tions to a system of numbering for the grades of oil and to 
designate only their viscosity limits at 130 deg. and 210 deg. 
fahr. instead of at 100 deg. and 210 deg. as in the present 
specifications and to omit other tests such as flash, fire, color 
and Conradson carbon. The 130-deg. viscosity was agreed 
to because it more nearly represents the average-operating 
crankcase-temperature for all cars, and because the differ- 
ence in the viscosity range of paraffin and asphaltum base 
oils of each grade is considerably less at the higher tempera- 
ture. 

No definite recommendations were formulated at the meet- 
ing, it being understood that the Subcommittee of Commit- 
tee D-2 will obtain and tabulate data from all the oil com- 
panies as to their grades of oil in major production and their 
viscosity ranges, from which possibly two or three tenta- 
tive drafts of specifications will be made and circularized 
among the oil producers and users for the selection of a 
preferred specification. It was unanimously agreed that in 
working out the revised specifications, the number of grades 
of oil and the gaps between their ranges of viscosity should 
be kept as small as possible. It was hoped by most of those 
present that not over seven grades, including two cold test 


grades, would be necessary in the new specifications when 
adopted. 


IRON AND STEEL SUBDIVISIONS CONTINUE 





Rockwell Hardness Test To Be Drawn Up by New 
Subdivision under John H. Nelson 


At the last meeting of the Iron and Steel Division the 
Subdivision personnel was reappointed for the current year, 
a new Subdivision being appointed to draw up specifications 
for Rockwell hardness test following the recommendation by 
the Division that, as such tests are being used extensively in 
the industry, a standard is desirable. John H. Nelson was 
appointed chairman of this Subdivision. 

As a result of the resignation of W. H. Schmid as chair- 
man of the Subdivision on Physical-Property Charts, John 
D. Cutter was appointed to serve in his place. The Subdivi- 
sion will revise the present physical-property charts based 
on frequency curves plotted from the existing charts and ad- 
ditional data to be compiled by the Subdivision. It is felt 
that the charts thus revised will indicate the physical proper- 
ties most likely to obtain rather than the minimum values 
now indicated by the physical-property charts. 

Members of the Subdivision on Definitions will serve as 
Division representatives on a joint committee to be made up 
of three members each of the American Society for Testing 
Materials, the American Society for Steel Treating and the 
Iron and Steel Division. 


The complete personnel of the Subdivisions as appointed 
by Chairman Watson follow: 


IRON AND STEEL DIVISION SUBDIVISIONS 


PHYSICAL-PROPERTY CHARTS 


J. D. Cutter, Chairman 


Climax Molybdenum Co. 
. T. Chandler 


Vanadium Corporation of 
America 

Studebaker Corporation of 
America 

International Harvester Co. 

Illinois Steel Co. 

Air Service 

Bethlehem Steel Co. 

Hupp Motor Car Corporation 


. N. Dawe’ 


. J. Janitzky 
. B. Johnson 
W. R. Shimer 
J. M. Watson 


H 
C 
A. P. Eves 
E 
J 


1 Representative, American Society for Testing Materials. 
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SHEET STEEL 


. C. Peterson, Chairman 
J 


Fredericksen Co. 
. Beck’ 


American Rolling Mills 

Allegheny Steel Co. 

General Electric Co. 

Studebaker Corporation of 
America 


. E. Cougherty’ 
_M. Darke 

. N. Dawe 
_A 
 * 


Elder American Steel & Wire Co. 
. Irvin American Sheet & Tin Plate 
Co. 
Kelly* Edward G. Budd Mfg. Co. 
. E. McCleary Dodge Bros. 
H. Nead American Rolling Mills 
. W. Upham Maxwell Motor Car Co. 
M. Watson 


Hupp Motor Car Corporation 
General Motors Research 
Corporation 


mHANMO gt OMsss 


. M. Williams’ 


STEEL SPECIFICATION NUMBERS 


G. L. Norris, Chairman Vanadium Corporation of 
America 

J. B. Johnson Air Service 

F. C. Langenberg Ordnance Department 

HARDNESS TESTS 

J. H. Nelson, Chairman Wyman-Gordon Co. 

L. A. Danse Cadillac Motor Car Co. 

H. L. Greene Willys-Overland Co. 

S. P. Rockwell Stanley P. Rockwell Co. 

DEFINITIONS 

H. P. Tiemann, Chairman Cargenie Steel Co. 

G. L. Norris Vanadium Corporation of 
America 

S. P. Rockwell Stanley P. Rockwell Co. 





1 Representative, American Society for Testing Materials. 


BETTER HEAD-LAMPS REQUIRED 


Massachusetts To Require Owners To Replace Defec- 
tive Head-Lamp Equipment 


In March, 1924, the Lighting Division held a joint meet- 
ing with the lighting committee of the Eastern Conference 
of Motor Vehicle Administrators to determine how the com- 
mittees could cooperate to the greatest advantage in de- 
veloping proper standards for automobile lighting equip- 
ment. It was brought out at that meeting that, if the car 
builders should not use such standards as were formulated 
to meet the engineering and legal requirements, laws would 
be enacted in the several States which would require inspec- 
tion and approval of the entire car-lighting equipment. 

A. W. Devine, representing the Massachusetts motor ve- 
hicle authorities, stated at that time that the greatest diffi- 
culty the administrators experience is the indifference of the 
car-owners to keeping their head-lamps in good mechanical 
condition and in proper adjustment, readjustments being 
necessary every 2 or 3 weeks. He emphasized the fact that 
the reason for this condition is, in many cases, poor material 
and workmanship, the greatest troubles being due to mis- 
formed reflectors, sagging and misplaced lamp filaments and 
loose lamp-sockets. 

Under date of May 28, 1925, a general letter was sent to 
head-lamp and automobile manufacturers by Frank A. 
Goodwin, registrar of motor vehicles of the Commonwealth 
of Massachusetts, to the effect that no approval of head- 
lighting devices will be given in the future to any but com- 
plete head-lamps and that if necessary the Massachusetts 
authorities will compel automobile owners to replace de- 
fective head-lamp equipment if it is not constructed so as to 
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produce legal illumination. Mr. 


follows 
in full. 


Goodwin’s letter 
Gentlemen :— 

Our experience in Massachusetts during the last 4 
years in enforcing the headlighting law has fully dem- 
onstrated the necessity for good head-lamp construc- 
tion and the futility of approving of one part of the 
head-lamp only, if the best results are to be obtained, 
unless all other parts of the head-lamp are accurately 
and properly made. 

We are calling to your attention particularly, at 
this time, the fact that the greatest difficulties encoun- 
tered in practice are due to inaccurate reflectors, in- 
accurately or loosely held bulbs, and flimsy and 
insecure lamp mountings. We realize that quality has 
only too often been dictated by the automobile manu- 
facturer’s price, but price must not interfere with 
safety and the time has come when good construction 
must be insisted upon. 

Inaccurate reflectors are encountered in both the 
parabolic and configurated types and give the most 
trouble on account of failure to compensate for the 
spring of the metal when the punch is withdrawn in 
their manufacture. The difficulty usually manifests 
itself in a bright band at the extreme top of the re- 
flector which causes a very unpleasant glare.. The 
reflector must be made of a non-corrosive material, 
preferably brass, plated with a durable coating of 
silver. 

Inaccurate positioning of the bulb causes distortion 
and contrast in the projected beam. It may be due to 
an inaccurately located socket-hole or looseness of the 
bulb-base in the socket or the socket in the sleeve. It 
may be overcome by accurately locating the socket 
sleeve, firmly attaching the sleeve to the reflector and 
making sure that the bulb is firmly held in the socket 
and the socket firmly held in the sleeve without lost 
motion. 

In many lamps being built today the lamp housing 
and lamp mounting construction is so flimsy as to 
render the head-lamp unsuitable for practical use. 
The housing should be stiffened at the open end to 
prevent distortion and the mounting should be in ac- 
cord with the S.A.E. Standard or similar universal 
type of strong construction. The mounting should be 
in the vertical center-plane of the lamp through its 
axis. The lamp-door construction should readily admit 
of the removal of the door without great effort. 

We are sending this notice to you in order that you 
may know in advance that we are going to insist upon 
rigid enforcement of the lighting laws, and if neces- 
sary we are going to compel owners of automobiles to 
replace defective head-lamp equipment if it is not con- 
structed so as to produce results in compliance with 
our law. Of course, you realize that if we do this it 
may interfere with the business of manufacturers 
making flimsy reflectors and head-lamps, but that will 
be their fault and not ours. 

You are further advised that the difficulties encoun- 
tered make necessary a ruling by the registrar that no 
approvals will be given in the future to any but com- 
plete head-lamps. Yours truly, 

(Signed) FRANK A. GOODWIN, 
Registrar of Motor Vehicles. 


Since the Joint Meeting in 1924, the Lighting Division has 
reviewed the S.A.E. Standards for Bases, Sockets and Con- 
nectors to determine if the charge of flimsy construction 
may be in any way due to the present standards. At the 
last meeting of the Lighting Division it was definitely agreed 
that bases and sockets made in accordance with the present 
S.A.E. Standards are satisfactory and that undue cheapen- 
ing of the standard parts is responsible for the difficulties 
the car manufacturers have experienced. 
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AUTOMOTIVE RESEARCH 


The Society’s activities as well as 
research matters of general inter- 
est are presented in this section 





GEAR CALCULATIONS AND GEAR TESTS 





Past Development Proved a Success 
Further Research Recommended 


American automobiles, if kept in good repair, run more 
quietly than most European cars. Now in case of motor 
vehicles, quietness serves as a criterion of mechanical per- 
fection. Without doubt the European manufacturer has 
available an abundance of well-trained mechanics, but this 
advantage is counterbalanced by highly developed American 
production methods. In quantity production accurate ma- 
chining has proved far superior to hand finishing. Particu- 
larly is this the case in the manufacture of gears. There- 
fore, every effort should be made by American automobile 
engineers to study all phases of gearing in an effort to find 
further improvements. 

To obtain satisfactory gears, many conditions must be 
observed. Some of these are given in the following: 


(1) The tooth thickness, space and contour must be 
very accurate so that in motion the pressure 
and the angular velocity are not subject to un- 
desirable fluctuations 

(2) Every tooth considered as a cantilever must be of 
sufficient strength to withstand the maximum 
pressure without deformation 

(3) The surfaces of the teeth must be sufficiently hard 
to withstand abrasion and a very large number 
of minute elastic deflections 

(4) The gears must transmit power quietly and effi- 
ciently 


The accuracy of the tooth flanks mentioned above has 
received some attention. Instruments for measuring and 
graphically recording various kinds of errors have been 
devised and are in use. However, they do not always bring 
unqualified success. They serve to reveal certain classes of 
errors which have been found to be the greatest offenders 
from the viewpoint of noise, but as a rule the measuring in- 
struments in common use give no information on the effect of 
errors on shocks, strength, uniformity of motion and the 
length of life of gears. 

It is an established fact that at approximately 1000 ft. 
per min. pitch velocity gears whose inaccuracies of spacing 
do not exceed 0.001 in. will carry twice the load of those 
having inaccuracies of spacing of 0.006 in. It is very doubt- 
ful if any consideration has been given to this fact during 
the later developments in transmission gearing. For in- 
stance, in many cases some improvement has been obtained 
by merely grinding the constant-mesh gears. The gears for 
low and intermediate speeds are left as they come from the 
heat-treating department because they are used only occa- 
sionally. This is a good practical solution of an urgent 
problem, but the important advantage that ground gears for 
a given load and length of life can be made smaller than 
rough gears has usually been neglected. The reason for this 
is obviously the fact that a sufficient number of facts and 
data are not available on the important relation between 
speed and load impacts, as well as inaccuracies and load im- 
pacts. If we consider that smaller gears permit of smaller 
centers, lower pitch-line velocities and smaller cases, it will 
soon be appreciated that much can be gained by utilizing to 
the limit every possible advantage that can safely be engi- 
neered into the design. 


It is hardly necessary to point out that scores of formulas 
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for the calculation of stresses in gears are now in existence. 
However, none of these is based on the latest observations 
regarding the occurrence of load increments due to errors 
in tooth spacing with increasing speed. A testing machine 
for which Wilfred Lewis is responsible is now in existence 
which is conceived and built for the purpose of studying 
the fluctuations in tooth pressure with increasing speed and 
constant torque input. Many interesting developments are 
expected from researches that are now being carried on at 
the Massachusetts Institute of Technology with this machine. 

Considerable work has yet to be done to crystallize some 
facts that will help in selecting the most suitable material 
for certain given conditions. The chemical analysis, the 
ductility and the hardness are not the only factors to be 
considered. The grain flow, prevailing impurities, grinding 
cracks and other physical characteristics and imperfections 
are also of great importance. It will be agreed that suc- 
cessful research along these lines would provide dependable 
data for the design of gears to meet all conditions in regard 
to load, speed, life and also quiet running. 





TIRE AND TRUCK IMPACT TESTS 





Progress of Bureau of Public Roads in Instrument 
Design and Calibration 


Active interest in a study of highway, tire and truck 
impact tests has been taken by the Society in cooperation 
with the Rubber Association and the Bureau of Public 
Roads. The last named has been conducting the tests at 
its Arlington Experimental Station near the City of Wash- 
ington and is furnishing all the personnel and testing facil- 
ities, apparatus and instruments. The tires, extra wheels 
and trucks needed are being furnished by the other two 
cooperating agencies. These tests have been in progress for 
less than 2 years and will probably be completed next fall, 
at least insofar as the experimental work is concerned. 
Although the tests are not finished, some of the preliminary 
indications have already been of real service to the auto- 
motive industry and improvements have resulted. 

A progress report giving the status of this work at the 
present time has been prepared by E. B. Smith, of the Bu- 


reau of Public Roads, and extracts therefrom are given 
below. 


The deceleration of the rear wheel is measured by 
a specially designed and constructed accelerometer. 
This instrument is mounted on the side of the truck 
body but obtains its motion through a rigid vertical 
rod extending down and connecting to the hub cap, 
this connection to the hub cap being by a specially 
constructed tight-fitting universal ball bearing. The 
acceleration is measured with this accelerometer by 
virtue of a small weight supported on a calibrated 
spring. A record is made on the moving paper tape 
by a pencil attached to the accelerometer weight. The 
vertical height of the record indicates the deceleration 
value according to a scale, depending upon the spring 
used under the accelerometer weight and the cushion- 
ing qualities of the tire under test. The horizontal 
scale of the record represents the position on the 
road. In this way the acceleration of the truck wheel 
may be accurately and definitely located on the record 
for any position on the road surface. On this same 
paper tape a record showing the deflection of the truck 
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spring at any instant is also made by a special attach- 
ment between the rear axle and the body. Before test- 
ing all truck springs are removed, cleaned and greased 
and are kept in this condition by being covered with a 
canvas boot. These springs are carefully calibrated 
for load and deflection under a testing machine. The 
total force delivered to the road surface then is the 
impact as determined from the acceleration and mass 
of the rear wheel unsprung weight plus the sprung 
weight as determined by the position of the truck 
spring at the same instant. 


MEASURING CUSHIONING QUALITY 


The cushioning quality of a tire is measured by 
the accelerometer and has a direct relation to the de- 
celeration resulting after striking the road surface 
with a given velocity. Undoubtedly the tire offering 
the best cushioning qualities is the one that will give 
the lowest deceleration value under the conditions of 
impact, or, in other words, the tire that will cause 
the wheel to come to rest in its vertical motion in a 
greater distance will have a smaller deceleration value 
and consequently better cushioning qualities. These 
cushioning qualities of the different tires are dependent 
not only upon their inherent characteristics, but also 
somewhat upon the character of the obstruction that 
they may strike. The horizontal speed with which the 
truck wheel strikes an obstruction or irregularity in 
the road surface and the load that it carries are also 
influencing factors. The cushioning quality of any 
particular tire is also somewhat affected by the tire 
temperature. 

The cushioning quality of the tires as influenced by 
the tire temperature was carefully determined by 
mounting the tire on a truck wheel and placing it in a 
special impact machine wherein the tire was raised 
and dropped in a vertical position from different 
heights, the resulting deceleration being measured with 
an accelerometer. The temperatures were attained by 
a water bath and electric heating units. The tire tem- 
perature was measured by thermocouples thrust into 
the body of the rubber composition, the temperature 
being varied from about 30 to 210 deg. fahr. The re- 
sult of these tests showed that the cushioning quali- 
ties were greater for hot tires than for cold tires and 
that the variation of cushioning with respect to the 
temperature was rectilinear. 

The road runs of these truck and tire tests were 
always over the same selected stretches of different 
types of road and insofar as possible the truck wheels 
always followed the same line on the pavement. This 
gave a very good comparison. The two principal types 
of normal road surface used were a reasonably smooth 
concrete surface and a fairly rough granite or Belgian 
block pavement. At the beginning of the tests an 
average bituminous concrete road section was also 
used, but it was very soon discovered that this changed 
in surface roughness to such an extent that successive 
comparisons could not be depended upon, and it was 
therefore eliminated. 

The different types and sizes of truck used in this 
series of tests were: a 2-ton worm drive Mack, a 3-ton 
Autocar, a 1-ton Ford with special gear reduction, a 
standard 5-ton Class B Army truck, and a six-wheel 
type 5-ton Army truck. These all had additional wheel 
equipment whereby most of them could be equipped 
with solid, cushion or pneumatic tires. The speed of 
operation varied from about 3 m.p.h. to the maximum 
of which each particular truck was capable under the 
test conditions, none of which has been over 30 m.p.h. 

Each tire tested was subjected to a static load test 
in a testing machine in which the load and deflection 
were determined for several loads up to about 500 
per cent overload, tire imprints or areas of contact 
being obtained. While there is sometimes an indication 
of a definite relation between static and impact tests, 
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a definite relation that can be applied to all tires for 
the purpose of predicting from the results of the static 
tests what its action will be under different conditions 
of impact has not yet been established. 

At this time it certainly is not proper to give any of 
the numerical results that have been obtained but it 
may be of interest to indicate in a very general way 
the trend of a few of the results. These show 

(1) The magnitude of the deceleration of a truck 

wheel may be as high as 2500 ft. per sec. 
per sec. in the case of badly worn tires 

(2) Wide tires give higher impact-forces than 

narrow tires for the same load 
(3) The vertical thickness of rubber available 
for cushioning in solid and cushion tires 
is a very important factor. A badly worn 
tire may give an impact force of seven 
times that of the static load 

(4) An unevenly worn or a damaged tire may 
easily produce the effect of a very rough 
road both in the force the road must with- 
stand and the equal and opposite force 
withstood by the truck 

(5) It is, of course, self-evident that the cush- 
ioning qualities of tires and the impact 
forces developed by traffic, are of small 
value and consequence and not capable of 
being measured on really smooth pave- 
ments. It is only on rough and wavy 
pavements that these qualities and force 
factors are of sufficient magnitude to be 
compared. 


DETROIT’S PRODUCTION 


HE value of Detroit’s manufactured products increased 

from $400,000,000 in 1914 to $764,000,000 in 1921 and to 
the astonishing total of $1,500,000,000 in 1923. In this strik- 
ing growth the industries making motor vehicles and parts 
led the way with a total value of production in 1923 of $734,- 
000,000, or more than half of Detroit’s product.—Director 
Klein, Bureau of Foreign and Domestic Commerce. 


RESEARCH 


HE search for truth in the vast realm of nature has only 

scratched the surface, so to speak, and I feel safe and 
sure in predicting that the tremendous impetus which has 
of late been given to research in general, and to fundamental 
research in particular, is leading the world to a field of 
invention undreamed of heretofore.—C. L. Reese. 


IMPACT OF LAWS 


HROUGHOUT the generations to come, the world is to 

witness the collapse of mystery after mystery under the 
impact of laws. It is to see the reclamation of many things 
heretofore attributed to a careless sweep of the hand of 
God and their incorporation in the realm of logic.—D. O. 
Edson. 


“BREAKDOWN” OF THE CITIES 


HE great city, as a place to live and work in, breaks- 

down miserably; it is perpetually breaking-down; and it 
will continue to do so as long as the pressure of population 
within a limited area remains.—C. S, Stein. 
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ABSTRACT 


IDING discomfort from road inequalities can be 

/ divided into two general classes, of which the 
first, direct discomfort, includes jolts, jars and un- 
pleasant forces that occur during, and as the imme- 
diate result of, passage over the inequality. The ex- 
tent of these discomforts depends chiefly upon the 
magnitude of force exerted against the passenger and 
the rate at which this force is applied. The second 
type of discomfort may be called potential and in- 
cludes such motions of the car, following, and result- 
ing from, passage over the road inequality, as lead to 
“not holding the road,’ extreme pitching motion, or 
throwing the passengers off the seat and the like. 
This potential discomfort is more or less proportional 
to the amplitude of spring motion and the extent to 
which this motion interferes with the uniform straight- 
forward progression of the car. 

The springs of a vehicle supported at the front and 
the rear seldom operate individually. Vertical accel- 
eration of the front axle develops a moment around 
the center of gravity, and a pitching motion is set up 
whose rapidity and amplitude depend upon the relative 
spring flexibilities and weight distribution. 

Analysis of a single spring operating individually 
yields the conclusions that (a) direct riding discom- 
fort is greater with less-flexible springs and with a 
greater amount of friction resisting spring-deflection, 
(b) through the higher range of speeds, the force 
transmitted to the passengers increases but slightly 
with the speed, (c) amplitude of swing is slightly 
greater as the spring flexibility is increased, and (d) 
energy stored in the spring is greater with the less- 
flexible springs. 

Experimental observation of pitching action shows 
that rapidity and amplitude can be reduced by con- 
centrating the weight as much as possible over or near 
the axles and increasing the flexibility of the front 
springs, sometimes with reduction of flexibility of the 
rear springs. With more-flexible front-springs, care- 
ful attention must be paid to steering linkage, and 
adequate means must be employed for absorbing 
spring-recoil energy. 

Internal or inter-leaf spring friction cannot be made 
great enough to absorb recoil adequately without ma- 
terially increasing the direct discomfort on bumps. 
Recoil-checks or shock absorbers should absorb the 
recoil energy but should not oppose yield of the spring 
on bumps or apply an appreciable constant counter- 
force tending to tie the axle to the frame. 


IDING-COMFORT, which is probably the charac- 
teristic that is most desired in automobile driving, 
next to the certainty of reaching a destination in 

a reasonable time, is governed largely by spring-suspen- 
sion. The instantaneous welcome that the public ex- 
tended to the balloon tire, despite certain disadvantages, 
proved definitely that the automobile user is responsive 
to improvement in riding comfort, particularly in the 
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engineer, Stromberg Motor Devices Co., 


Illustrated with CHARTS AND DRAWINGS 


direction of easier spring-suspension; yet, with all the 
advance that has been made in other details of construc- 
tion, the spring-suspensions of our cars remain substan- 
tially as they were 20 years ago and the average car of 
today rides little better than its predecessors of long ago, 
except by virtue of balloon tires and a few improvements 
introduced only recently. 


The delay in development of better forms of vehicle 


‘ suspension probably is due chiefly to the highly compli- 


cated nature of the problems presented. The impacts 
and the forces that result from them are difficult to meas- 
ure or analyze and, as the forces communicated to the 
passenger, with any spring-suspension, depend primarily 
upon the character of the road surface, so that a good 
suspension may be more uncomfortable on one road than 
a poor one on another, the design engineeer can take only 
such steps as seem to reduce the average number and 
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1—VISUAL-READING ACCELER- 
OMETER 
Pivoted Weighted Arms Are Held Up- 
ward by Springs Whose Tension Ex- 
ceeds the Weights in a _ Definitely 
Graduated Order of _ Percentage. 
When Each Arm Makes Contact with 
Its Stop, It Completes an Electric 
Circuit Through a Aoet Bulb, and 
When the Device Is Subjected to Ver- 
tical Accelerations, the Force of Ac- 
celeration Is Indicated by the Number 
of Bulbs that Flicker In Using an Ac- 
celerometer for Comparison of Spring 
Action, Care Should Be Taken That 
Road Profile and Car-Speed Are Un- 
changed during the Test; if Possibie, 
a Certain Hard Surface-Burnp or 
Other Inequality Should Be Established 
as Standard and All Tests Made on 
This. When Determining the Limits 
of Riding Discomfort with Different 
Individuals, It Is Better To Use a 
Wide Variety of Road Inequalities 


average force of the jars received. An attempt at en- 
gineering advance by this general method of approach 
amounts, however, only to an empirical observation of the 
net effect of a number of conflicting factors and, as has 
always been the case with empirical development, many 
things become accepted generally as truths that are only 
half truths or no truths at all. Real knowledge of the 
subject can come only after analysis of the problem and 
by individual research into the nature, action and mag- 
nitude of each component. An effort is made in this 
paper to present such an analysis and to define each part 


of the problem so that it may be subjected individually to 
discussion and solution. 


BASIS FOR APPRAISAL OF RIDING DISCOMFORT 


As our efforts are directed toward alleviation of dis- 
comfort resulting from road inequalities, methods of 
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definite measurement of car motion and a certain scale 
for the coordination of this measurement with the degree 
of physical discomfort experienced by the passenger are 
necessary. Discomfort is a psychological as well as a 
physiological effect. It seems certain that passage over 
road inequalities give rise to two general classes of dis- 
comfort. Into one class may be grouped the immediately 
painful or distressing pressures or violent motions im- 
parted to the bodies of the passengers by jolts and the 
crack-the-whip action exerted upon the front-seat passen- 
ger when the car pitches violently. This discomfort is 
more or less proportional to the magnitude of the force 
exerted on the passenger and to the rate at which the 
force is applied. 

The second type of discomfort may be specified as 
potential and is caused by motions of the car that, al- 
though not distressing while actually passing over a 
bump or dip, seem to threaten danger or accident after- 
ward. In this classification come continuous pitching at 
speed, the tendency referred to as “‘not holding the road”, 
skidding and wheel shimmying. The degree of this po- 
tential discomfort may be taken, for comparison of dif- 
ferent spring-suspensions, as more or less proportional 
to the amplitude of motion of the car body and the extent 
to which these motions interfere with the uniform 
straightforward progression of the car. 

In all considerations of spring action the conception 
should be preserved of a definite limit or zone of com- 
fort. A spring-suspension that transmits from all road 
bumps 25 per cent more force than another suspension 
may easily exceed the limit of comfort several hundred 
per cent more often, with corresponding increase in the 
fatigue experienced by the passengers. In all cases the 
passenger becomes more sensitive to a given displace- 
ment after experiencing it for awhile. 
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Upward Acceleration Force in Mutiples of Weight 
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Fic. 2—UPpwarRD ACCELERATION FoRCES ENCOUNTERED BY A SPRING- 
LESS VEHICLE 


The Above Values Are Computed from the Formula F=(2WS) 

(gt?), in Which F=Force in Lb., W=Body Weight in Lb., 8 

Total Distance of Upward Rise in Ft., g=Gravity=—32.2, and 

t=Time in Sec. for Forward Travel of 2 Ft. For Example, at 

Point a the Upward Force Would Equal F=(2x1/12)~+([32.2x 
(1/22)2]=2.5W 


L_. Range of Indirect or Potertial Discomfort as Secondary Result _ 


of Passing Over Road Rise. This Lasts Till Oscillations trom Primary 
Displacement Are Damped Out 


Range through Which Discornfort May Exist 
as Direct Result of Road Rise 
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Fic. 3—LINE oF Bopy TRAVEL WITH SINGLE SPRING 
4 SINGLE BUMP 
The Actual Forced Upward Displacement of the Wheel, Which Is 
the Range of Direct Discomfort. Occupies Only a Very Short Period 
of Time. Whereas the Range of Possible After-Effect, or Potential 
Discomfort. Is Much Greater as Regards Both Time and Distance. 
Since the Period of Oscillation of the Spring Is Fixed. One Recoil 
Represents a Small Distance at Low Speed and a Very Considerably 
Greater Distance at High Speed: Hence at High Speeds the Car 
Has Much GreatersOpportunity To Encounter Additional Augmenting 
Displacements. This Is Why Pitching Becomes More Noticeable 
as the Car-Speed Is Increased 


ENCOUNTERING 


ACCELEROMETER GIVES ONLY RELATIVE IDEA OF COMFORT 


For the purpose of measuring the force of car displace- 
ments and of making definite comparisons of riding- 
comfort, the accelerometer shown in Fig. 1 was made. 
It consists of a group of pivoted weighted arms lying in 
a horizontal plane and held upward against stops by 
springs whose tension exceeds the weights of the levers 
in a definitely graduated order of percentage. Each arm, 
when it makes contact with its stop, completes an elec- 
trical circuit through a light-bulb. Thus, when the de- 
vice is subjected to upward vertical acceleration, the 
force of acceleration is indicated by the number of bulbs 
that flicker. Eight bulbs were used and the instrument 
was graduated so that the bulbs indicated, respectively, 
accelerations of 0.3g, 0.49, 0.5g and so on by tenths up to 
the force of gravity. 

This device is particularly suitable for the investiga- 
tion of spring action because vertical accelerations are 
practically the only forces tending to cause spring de- 
flection. The magnitude of these forces is important, as 
they constitute the stresses in the frame, spring joints, 
axles and tires and on the road surface. A given initial 
depression in a road surface certainly will be enlarged 
much faster by poorly-sprung cars passing over it than 
by the passage of cars that are more comfortable for 
their passengers. 

An indicating accelerometer can give, however, only a 
relative idea of riding comfort, from our observations. 
While an upward acceleration amounting to 0.69 is prac- 
tically always uncomfortable, below this value consider- 
able difference in comfort is caused by the rate of change 
of acceleration, that is, by the change of force communi- 
cated to the passenger. An upward acceleration of 0.59 
is not uncomfortable on long swinging bumps but an up- 
ward acceleration of 0.3g may be definitely unpleasant on 
short choppy jolts of the type experienced with high pres- 
sure in the tires, high internal-friction in the springs or 
incorrect types of shock-absorbers. The same accelera- 
tion is less discomforting with balloon tires than with 
high-pressure tires. 


CAUSES AND EFFECTS OF SPRING ACTION 


The deflection of a spring from the normal car-at-rest 
position occurs chiefly as a result of upward or down- 
ward acceleration of the axle. Upward reaction of the 
spring against the car body equals at any time the weight 
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on the frame, or acceleration of gravity, plus the rate of 
upward acceleration that is being transmitted from the 
road to the frame by the spring. Yield in the tire, the 
axle and the frame is assumed as part of the spring 
effect, in this elementary analysis, except when otherwise 
specified. It is somewhat surprising, if one has not made 
the comnutation, to observe the high values of upward 
rcceleration that represent relatively slight road-inequali- 
ties. The force of acceleration is proportional to the 
sguare of the speed with a given rate of rise and is di- 
recuy proportional! to the rate of rise of the bump for a 
give. uniform car-speed. Fig. 2 illustrates the forces 
that would be encountered by a springless vehicle on the 
road surfaces shown. The bump or rise selected has been 


For Given Speed and Height of Bump, Amplitude of Pitch 
Depend Mainly on Front Spring Flexibility and Weight Distribution 
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Fig. 4—ACTION OF BoDY WITH FRONT AND RBAR SPRINGS ON PASSING 
A SINGLB Roap-BuUMP 


Successive Passage of Front and Rear Springs over the Bump 
Produces a Pitching Effect. Amplitude of the Motion and Its 
Degree of Unpleasantness Depend upon Relative Flexibilities of 
the Springs and the Weight Distribution. When the Front Wheel 
Mounts the Bump, the Frame Tends To Rotate around a Point 
about One-Third Its Length from the Front Spring-Support. When 
the Rear Wheel Mounts the Bump, the Entire Frame Tends To 
Rotate around a Point Outside and in Front of the Vehicle, as 
Indicated in the Bottom Drawing of the Reversed Model Used in 
Experimental Work 


drawn in a form that would give a uniform rate of ac- 
celeration. As will be shown later, the forces of upward 
acceleration are reduced greatly by even the stiffest 
springs placed on a car. 

The primary displacement of a spring from its normal, 
or initially-deflected, position by any road inequality oc- 
curs during the time in which the wheel is passing over 
the inequality and at the rate indicated by the road 
profile, the forward speed and the spring character- 
istics, but the recoil of the spring to and past its normal 
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Fic. 5—OSCILLATIONS WITH UNIFORM WEIGHT DISTRIBUTION 
This Is a Relatively Steady Combination and, While the Periodicity 
Is Rapid with the Stiffer Front-Springs, the Amplitude of Pitching 

Is Small 


position tends to occur at a fixed rate that depends only 
upon the spring. With a simple single spring-suspension, 
as shown in Fig. 3, the spring-oscillation period in sec- 
onds approximates the value 2x\/ (ID/g), in which ID is 
the initial deflection in feet under the body weight and g 
is 32.2. If the type and the initial deflection of the 
spring are on the order of the springs used in our present 
automobiles, the path of the body supported on a single 
spring when passing over a bump at 30 m.p.h. would be 
somewhat as shown. 

The action of an automobile body sustained on front 
and rear springs is much more complicated. The two 
sets of springs are in equilibrium at all times as regards 
the direct action of gravity and, as each road inequality 
affects only one axle at a time, the acceleration force 
imparted to the springs develops a turning moment or 
pitching effect of the body, as indicated in Fig. 4. If the 
body weight is located more or less over the axles, as in- 
dicated at the right in Fig. 5, the effect of a single bump 
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Fic. 6—OSCILLATIONS WITH WEIGHT DISTRIBUTION LIKE THAT OF 
ROADSTER OR COUPE 


Pitching Is Very Rapid and Action Erratic with Front Springs 

of 1 and 2-In. Initial Deflection, and Probably Would Be Erratic 

with Front Springs of 3 and 4-In. Initial Deflection. in Combination 

with Rear Springs of 4 to 5i-In. Initial Deflection. For Such a 

Weight-Distribution, It Would Seem That the Rear Springs Should 
be Either Very Stiff or Very Fiexible 
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40 _ THE JOU RNAL OF THE 
in starting the pitching motion will be about the same 
as with the front spring acting alone and carrying half 
the weight, but if the weight is concentrated near the 
center, as in Fig. 6, much less force will be required to 
initiate the pitching motion than for the front spring 
acting alone to accelerate half the body weight. 

This effect, as will be described in detail later, and 
which may be highly disagreeable or not unpleasant, is 
dependent upon the relative and individual flexibility of 
the front and rear springs and the weight-distribu- 
tion. It is also subject to possible cumulative augmenta- 
tion if the car-speed and the pitching period are such that 
the rear wheels meet a road inequality just in time to 
synchronize with the rear-spring recoil following front- 
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Fic. 7—RELATION OF SPRING DEFLECTION TO FORCE AGAINST Bopy FOR 
TYPICAL SPRING CONDITIONS 
It Is a Rule of Spring Design that, for Similar Structures and a 
Given Limit of Maximum Fiber-Stress, the Amount of Material 
in Springs Is Proportional to Their Load Multiplied by Their 


Initial Deflection. On This Basis the z, y and z Springs Would Bear 
the Approximate Proportions Shown in the Above Sketches. The 
Various Lines Show the Deflection of the Several Springs, from 
Nermal Standing Position Under Load of 500 Lb., for Added Load 
Such as Would Be Imposed by Upward Acceleration of Axle 
The Curve for the gw Spring With 100 Lb. of Internal Friction 


Approximates That Which Would Be Obtained with a 7 or 8-Leaf 


Spring, with the Leaves Dry and Somewhat Rusty, or with a 
10 to 12-Leaf Spring After the Lubricant Has Worked Out. This 
Same Curve Could Be Obtained With a Two-Way-Action, 100-Lb. 


Constant-Friction Shock-Absorber and a Frictionless 
on About Half of the Bumps, with a One-Way, Recoil Only, Con- 
stant 100-Lb. Friction Shock-Absorber and Frictionless Spring, 
Because, in the Latter Case, If the Oscillation Dampened-Out on 
the Upward Throw of the Body, It Would Leave the Spring Under 


Spring: or, 


100 Lb. Greater-than-Normal Tension, so that It would Meet the 
Next Bump in This Abnormally Stiffened Position 
wheel displacement. It is my observation that a large 


percentage of riding discomfort, including most instances 
of bumping the top, occurs as a result of this pitching 
motion. The subject of pitching action is so complex 
that its treatment is deferred until after an examination 
of the simpler phases of spring action. 


ANALYSIS OF SINGLE-SPRING ACTION 


Although relatively few of the road impacts affect 
either end of the car alone, much can be learned of the 
fundamental relations of speed, spring flexibility and 
road inequality from a study of the action of such a 
structure as that shown in Fig. 3. It is possible, by a 
simple graphic method, described in the appendix, to 
construct a path of body travel and to determine the 
magnitude of forces resulting from any given set of 
known conditions. Although this method involves the 
assumption of certain definite road contours and certain 
speeds, the general trend and the relative values of differ- 
ent factors are indicated clearly, and, as the actions that 
occur with a single spring are similar to those that gen- 
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Fig. 8—RELATION OF BoDY ACCELERATION ForRCE TO HEIGHT OF 

Bopy RIsge 

These Values Are Computed from the Formula of Fig. 2, F Being 
the Force of Acceleration, Not Weight. For Instance, at 20 M.P.H., 
a Gain in Upward Velocity of 0.0044 Ft., or 0.0528 In., in 6 In. 
of Forward Travel Will Develop an Upward Force of 500 Lb. per 
Spring, This Being in Addition to the Normal Body-Weight of 
500 Lb. The Forces Vary as the Square of the Speed, so at 50 
M.P.H. the Force from a Similar Displacement Would Be 6.25 
Times as Great as at 20 M.P.H It Is Obvious that the Magnitude 
of the Forces Causing Direct Discomfort Cannot Be Judged by 
Visual Estimation of the Body Rise but Only by Careful Methods 


of Measurement 


erate the pitching motion of a double-spring system, these 
same illustrations are of value in the study of the latter 
subject. 

The graphic method used is based upon two facts, 
that any given road-rise is taken up in either spring de- 
flection or body rise, and, since action equals re- 
action, the force causing the body to rise is equal to that 
causing the accompanying spring-deflection, and (b) this 
upward force is dependent only upon the time and dis- 
tance of the body rise; it is not determined by the height 
of the bump but by the amount of rise that the spring 
transmits to the body. As a preliminary example of the 
method to be followed, imagine two spring systems, A 
and B, the first being twice as stiff as the second, passing 
over a l-in. bump in a given time. If A yields % in. and 
raises the body % in. in that period, B will deflect ap- 
proximately 15/16 in. and raise the body about 1/16 in. 
These proportions of deflection and body rise are close to 
those that are commonly experienced, and it will be noted 


(a) 
































































































— - + — 9 
| %- Spring X - Spring oh i 
No, Frictior: _ _| Wo. b.FrIC ctor Se a ee ee 1 
0.04 
~ 
° 
a oan 
_ {ts 
re oa ee a 
—>|s 20,03 
yi=O 
sie > 
eis 
Bled 
She 0.02 
=1/2» 
~1e&+ 
o o & 
ue Vv ®Y 
Els 8 
— } = 
© |e £0.01 
c£joOe 
s 
vy 
S 
Els 
a a 
oj. 2 
5 he & 
> g) 
we a SQ 
21S 2 
atin 
sist 
Sia. 3 
w |.2 2002+ 
Co 
Ss 
,= 
Fic. 9—VARIATION OF ForRCE UPWARD AGAINST A BODY WITH 


DIFFERENT SPRINGS 
of Plotting, Displacements Causing Further 
Compression of the Spring, Either of the Frame toward the Axle 
or of the Axle toward tie Frame, Will Be Positive above the 
Base Line and Negative beneath It; While Displacements of the 
Body Upward Will Be Positive below the Base Line and Negative 
above It 


With This Method 
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that, for the two springs passing over the same bump, 
the difference in the body rise is much greater than in 
the spring deflection. 

If the stiffness of the A spring is 500 lb. per 1-in. de- 
flection, the spring will give a maximum upward pres- 
sure on the body of % 500, or 437.5 lb.; the spring 
will have absorbed 7% 437.5 — 2, or 191.4 in-lb. of en- 
ergy, as the pressure varies from zero to 437.5, and the 
body energy will be 437.5 & 14 — 2, or 27.2 in-lb. Spring 
B, deflecting 1 in. for 250 lb. of weight, would absorb 
about 109.8 in-lb. of energy and the upward energy given 
to the body would be about 7.3 in-lb. These are only ap- 
proximate computations, the accurate computation being 
slightly more complicated and most easily performed by 
the following graphic method: A curve showing the re- 
lation of body rise to spring force is superposed on a 
curve showing the relation of spring deflection to spring 
force, and, from this, actual values of each can be ob- 
tained for any given rate of upward acceleration or 
known road profile. 

Fig. 7 shows the relation of deflection, from neutral 
position, to acceleration force for three typical spring 
systems, x, y and z, an initial load of 500 lb. for each 
spring being assumed. 

The amount that a frictionless spring will yield, under 
any given acceleration of the weight it supports, bears 
the same relation to its initial deflection under that 
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Fic. 10—VaARIATION OF UPWARD FoRCE WITH SPRING FLEXIBILITY 


The Method of Computation of These Curves and Those in Suc- 
ceeding Figures, Is Given in Full in the Appendix. While the Ac- 
celeration Rate Upward of the Road Profile Is Constant, the Up- 
ward Force against the Body Increases with the Length of the 
Road Rise. Hence, Long Road Rises of Slight Height and Low 
Slant, Such as Are Found on Uneven Asphalt Pavements, Can 
Develop Considerable Body Velocities. and Spring Displacements 
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Fic. 11—VARIATION OF UPWARD FORCE WITH SPRING FRICTION 


tn 
AND FLEXIBILITY 


In This Computation It Has Been Assumed that the Tire Behaves 

as a Frictionless Spring of the Same Initial-Deflection, in the Case 

of the High-Pressure Tire, ™% In., and with the Balloon Tire, 1% 

In. It has Been Assumed that the Tire Alone Will Deflect until 

the Upward Force Reaches a Value Equal to the Spring Friction, 

after Which, with Further ree Increase, the Spring Begins To 
Defiect 







100 





weight as the rate of acceleration mentioned bears to 
the acceleration of gravity. In other words, 


Yield ~ Acceleration = Initial Deflection ~— Gravity 


The initial deflection is, therefore, a measure of the 
flexibility of yield per acceleration. In the present treat- 
ment of the subject, references to flexibility may be in- 
terpreted literally as the initial deflection of the spring 
in inches when standing still under load. 

Spring x (Fig. 7) has a 15%-in. initial deflection, which 
would give action equivalent to that of a 32-in. front 
spring of a 1%-in. initial deflection plus a %%-in. deflec- 
tion of a 31-in. stiff-walled tire. This is typical of the 
front spring-suspension used on cars of from 2200 to 
3000 lb. weight before the introduction of balloon tires- 

Spring y has a 34-in. initial deflection, which is the 
equivalent of a 1 or 1\%-in. initial deflection of a 5-in. 
semi-balloon tire plus a 2 or 21%-in. initial deflection of 
a 40-in. front spring. This is typical of the flexibility 
that I have found necessary to reduce pitching action to 
comfortable limits on several different models of five- 
passenger phaeton of typical weight-distribution. 

Spring z represents the combination of perhaps a 58- 
in. spring giving a 4\4-in. initial deflection and a balloon 
tire giving a 14-in. initial deflection. This is typical of 
the rear-spring equipment of a number of different cars. 


TIME RELATION OF Bopy RISE 


It seems safe, in tracing the general tendencies that 
we wish to investigate, to assume the combined action of 
the tire and the spring with the internal friction of the 
system, estimated in force times distance. For example, 
the dotted line of Fig. 7, showing the force-deflection of 
the x spring-system with 100 lb. of internal friction, 
would be true whether the friction were in the spring, 
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in the tire or in a separate friction device such as a con- 
stant-friction shock-absorber. A force exceeding the 
friction would have to be applied before any movement 
could occur. 

Fig. 8, plotted on the same ordinates as Fig. 7, shows 
the relation of body rise, in time increments equal to 6 
in. of forward travel, to the force applied to the body by 
the spring. Curves are given for speeds of 20 and 50 
m.p.h. and it will be observed that the forces are in pro- 
portion to the square of the speed. 

Fig. 9 is a combination of Figs. 7 and 8 on an enlarged 
scale and illustrates how definite values may be deter- 
mined. Values above the horizontal axis represent spring 
deflection and the values below it are those of bedy rise. 
It is self-evident, that, as previously stated, the body rise 
plus the accompanying spring-deflection equals the 
height of the bump, or, more exactly, the increment of 
velocity gained by the body per unit of time, plus the 
added spring-deflection, will equal the increment of up- 
ward acceleration of the road profile in this same length 
of time. In this chart a speed of 20 m.p.h and a rise of 
0.0208 ft., or % in., in 6 in. of forward travel, are as- 
sumed. To use the graphic solution, dividers would be 
set to a spread of 0.0208 ft. and placed to subtend the 
vertical intersection of this value on the spring and the 
body-acceleration curves. This method shows that, with 
no friction, the z spring would deflect 0.0204 ft., the body 
would accelerate 0.0004 ft. and the acceleration force 
upon the body, spring, tire and road would be 24 lb. 
With the x spring, with no friction, the deflection is 
slightly less, the body rise almost three times as great as 
with the z spring and, in proportion, the force impressed 
upon the passengers is 75 lb. With the x spring and 100 
Ib. of friction, the spring yield is much less and the body 
acceleration and the force are much greater, 171 lb. 

There has been considerable controversy as to the ad- 
visability of having internal friction in a spring but this 
chart shows clearly, as reasoning will substantiate, that 
application of friction in a direction to resist the deflec- 
tion of a spring will decrease the direct spring-deflection 
on a bump and increase the body rise and the force im- 
parted to the car body and the passengers. This action 
is, however, independent of any after-effect of the fric- 
tion upon the spring recoil and the pitching of the body. 

The amplitude of spring displacement, which has a 
definite bearing upon the degree of potential discomfort, 
is measured by that portion of 0.0208 ft. that lies above 
the horizontal axis on the chart. It is greatest, 0.245 in., 
with the more-flexible spring z, slightly less, 0.240 in., 
with the less-flexible spring 2, and still less, 0.230 in., 
with the x spring and 100 lb. of friction. So the more- 
flexible spring, although giving about one-third as much 
upward force against the passenger as the less-flexible 
spring, has about 2 per cent greater amplitude of swing, 
and, as compared with the x spring with friction, the z 
spring gives 1/7 the upward force of the latter at the cost 
of a 61-per cent increase in swing. This small difference 
in amplitude is due to the slight inclination of the body- 
acceleration line to the horizontal axis as compared with 
the great inclination of the spring-deflection line. The 
slant of the body-acceleration line increases at low speeds, 
while the difference in amplitude of swing, with varying 
spring-flexibilities, becomes greater. 


MAGNITUDE OF UPWARD FORCES EXERTED ON BODY 


Figs. 10 and 11 show the magnitude of the upward 
force exerted upon the car body when passing over a slight 
road rise of 2 in. in 2 ft. of forward travel at 20 m.p.h. 
The road profile has been assumed as of a uniform ac- 
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celeration shape and, if there were no springs, the upward 
force would be uniform for the full length of the travel. 
It will be noted, however, that, with the springs in ser- 
vice, the force increases continuously because, as the 
springs deflect farther, they are increasingly resistant to 
the continuously impressed force of upward acceleration 
from the road. A zone of discomfort, based on our ac- 
celerometer measurements, has been marked off begin- 
ning at 300 Ib., or an upward acceleration of 0.69. 
Springs y and z, without friction, do not enter this zone 
but, with 100-lb. pressure, the y spring does enter this 
zone after having traveled 21 in. along the rise. 

It will be noted also that the rate of pressure-increase 
at the beginning of the road rise is much greater with 
friction present in the springs and that considerable 
difference in this respect exists between the high- 
pressure tire of 1%-in. initial deflection and the low- 
pressure tire of 1%4-in. initial deflection. This most 
certainly explains the way in which jolts that are so 
definitely felt when passing over small inequalities with 
high-friction springs are reduced by low-pressure tires. 

Variation of the upward force with variation in speed, 
as shown in Fig. 12, may seem surprisingly small, per- 
haps. The reason, as revealed by examination of Figs. 
8 and 9, is that the slant of the spring-deflection line is 
so much greater than that of the body-acceleration lines 
for different speeds that variation of the latter makes 
little difference in their relative proportions. This 
checks up well with observation; we sometimes think 
that we take the bumps more comfortably at high than 
at low speed, but this probably is due to avoiding syn- 
chronism of the pitching motion with the 
equalities. 

The foregoing conclusions cease to apply at very low 
speeds, say below 12 to 15 m.p.h., because at these speeds 
the slant of the body-force line becomes appreciable in 
comparison with the spring-deflection line (see Figs. 8 
and 9). At very low speeds, on large bumps of abrupt 
rise, the difference between springs of different flexi- 
bility becomes sensible in regard to length of sway and 
striking the bumper. At speeds above 15 m.p.h., the dif- 
ference in these characteristics is based more upon the 
relative flexibility of the front and the rear springs and 
the weight-distribution than upon the characteristics of 
the individual spring. 

The relation of force to spring deflection for large 
increments of spring travel is shown in Fig. 13, which 
is similar to Fig. 9, but on a larger scale. When the 
spring strikes the bumper, its deflection ceases, of course, 
and the upward acceleration and force on the body begin 
to approximate the high values of Fig. 2. The road rise 
is taken up chiefly in spring deflection, as shown on the 
preceding charts, wherefore it would seem that the strik- 
ing of the bumper is determined, within the limits of 
present practice, much more by the limit of spring travel 
than by the spring flexibility. Thus, a road rise of 0.175 
ft., or 2.10 in., in 6 in. of forward travel would cause 
the bumper to be struck by a spring of 15-in. initial 
deflection under a 500-lb. load with a 2.00-in. limit of 
spring travel. With the y spring, having twice the flexi- 
bility’'and with the same conditions, the bumper would 
be struck at any road rise of 0.171 ft., or 2.05 in., not 
enough difference to be noticeable. The action might be 
very different, however, after the car had started to 
pitch, as the y spring would strike its bumper at a strain 
of 305 lb., whereas the x spring would strike its. bumper 
at a strain of 610 lb. If thé maximum force be taken as 
a limit, the bumper clearance should be proportional to 
the initial deflection of the spring; for instance, the y 


road in- 





Vol. XVII July, 1925 No. 1 
DYNAMICS OF VEHICLE SPRING-SUSPENSION 4: 


spring should have twice the clearance of the x spring. 

Custom has favored a sort of reserve spring-bumper 
construction to give a somewhat stiffer spring-action 
during the last part of the allowable deflection, as indi- 
cated by the dotted line marked “Desirable spring char- 
acteristic?”. It would seem from an inspection of the 
diagram, however, that the use of such a bumper in- 
creases rather than decreases the strains upon the car, 
and I now question whether or not such a construction 
is of value. 

Because of the large scale to which it is drawn, Fig. 13 
is suitable for making a comparison of the energy de- 
veloped, the energy stored in the spring and the energy 
given to the body. As the energy equals force times dis- 
tance, the area of the triangle Oaa, would equal the 
energy put into the y spring when passing over the given 
increment of road rise, while the area of the triangle 
Obb, would equal the energy stored in the x spring. This 
is a slightly greater road rise, because line bb, is slightly 
greater than line aa,, but the comparison shows that the 
energy stored in the several springs is in almost direct 
inverse proportion to the initial deflection of the springs. 
In the case of x spring with friction, the height of the 
bump, as indicated by the line cc,, is again slightly 
greater than that of the two other bumps, but it shows 
that the energy stored in the spring is very slightly less 
than if the friction were not present; however, greater 
force is developed and greater body-acceleration occurs. 
Apparently the chief advantage of spring friction in 
reducing rebound lies in the combined friction of the 
front and rear springs opposing the pitching motion. 

fo ee anenreneee 2 Ft. 






oe 


TING ~--.. 
itia 





500 








Upward Force against Body, Ib. 





100 


4 a g-Spring 
mV Catan 
cea Oh He a 
2 3 


0 0 } 5 
Travel, ft 
Fic. 12—VaRIATION oF Force AGAINST A BODY WITH SPEED 
The Reduction in Force by Decreasing the Speed from 50 to 20 
M.P.H. Is Inconsiderable, but It Becomes Greater Proportionately 


as the Speed Decreases below 20 M.P.H 
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Fic. 13—-UPWARD ForcEsS ON BoDy at EXTREMBS OF SPRING TRAVEL 


Points a a, Show That y Spring Would Reach the Limit of 2 In. 

of Clearance on a Road Rise of 2.07 In. in 6 In. of Forward Travel, 

with Upward ,Force of 305 Lb. Points b b, Show that 2 Spring 

Would Take-Up the Same Clearance on a Rise of 2.10 In. in 6 
In. of Forward Travel, with Upward Force of 610 Lb. 


The energy stored in the body is also equal to the 
force times the distance and is represented by the tri- 
angles Oa,a, for the y spring, Ob,b, for the x spring with 
no friction, and Oc,c, for the x spring with friction. It 
would seem that the energy stored in the body is propor- 
tional to the square of the force developed on it during 
each increment of forward travel and is almost in inverse 
proportion to the square of the initial deflection of the 
spring. 

VARIABLE EFFECT OF ROAD PROFILE 


The variation of upward force with variation of the 
road profile is shown in Fig. 14. As would be expected, 
the force varies with the rate of profile rise as well as 
with the distance of rise. The rate of rise of the force 
line, which is so important in determining discomfort, 
is greater both with the rate of road rise and with the 
stiffness of the spring. The road profiles chosen are of 
very gradual curvature. In the estimation of spring 
action on the road, the rate of road rise should not be 
judged by the eye, as bumps of apparently similar char- 
acteristics may differ greatly in their rate of upward 
acceleration. 

With many of the present-day cars, a slight and 
scarcely visible dip in the road profile can generate a 
motion that is particularly displeasing to the occupants 
of the front seat. The nature of the forces existing 
under such conditions is shown in Fig. 15. The com- 
putation has been made for a dip of 114 in. in 8 ft. at 20 
m.p.h. The road profile accelerates downward for the 
first 2 ft., in the next 2 ft. it decelerates to zero vertical 
velocity, then accelerates upward for 2 ft. more, and 
then decelerates upward to a level at the end of 8 ft. At 
about 2 ft. from the start, the force jumps from a nega- 
tive upward acceleration to a positive one, and this, as 
will be noted, occasions a sharp change in the rate of 
application of the force. The more flexible the spring, 
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the less the car body falis into such a depression as this 
and so both the maximum force and the rate of change 
of force are less with the more-flexible spring. It will 
be observed, also, that the flexible spring comes out of 
the dip with almost no stored-up potential energy, where- 
as the stiffer x spring reaches the level with a stored-up 
recoil force of 35 lb. at 

The rapid change of force at the peaks of the curves 
comes from the stored velocity of the body meeting a 
change of direction in the road acceleration. For this 
reason, a long dip in the road of slight slant can develop 
very considerable force because, as emphasized in Fig. 
10, the velocity gained by the body increases with the 
length of travel. Any excess of internal friction in the 
spring, or the equivalent in a shock-absorber that resists 
strongly the separation of the axle and the frame, will 
greatly augment the rate of body fall and the magnitude 
of the forces existing during the travel over a road pro- 
file of this sort. One of the most difficult things in shock- 
absorber work is to avoid an increase of direct discom- 
fort in passage over such road profiles. 

The rise from the fourth to the sixth foot of forward 
travel, as represented in Fig. 15, generates a higher 
force than if the wheel had approached this same rise 
from the level, because of the downward velocity 
possessed by the body and the fact that the spring al- 
ready was compressed. A similar condition occurs when 
the rear wheel of a vehicle having front and rear springs 
encounters a bump while the rear spring is depressed 
from the reaction of the front spring after passing over 
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Fic. 14—VARIATION OF FORCE WITH ROAD PROFILE 


Road Rise and the Stiffness of the Spring Are Increased 
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The Rate of Rise of the Strain Line Is Greater as the Rate of 
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Fic, 15—Errect oF A Roap Dip oN SPRING ACTION 
At About 2 Ft. from the Start of the Dip, the Force Jumps from 
a Negative Upward Acceleration to a Positive One and Occasions 
a Sharp Change in the Rate of Application of the Force. The 
More Flexible the Spring, the Less the Body Falls into Such a 
Depression and the Maximum Force and Rate of Change of Force 
are Less (For Computation of Values, See Appendix) 


the same bump. Fig. 16 shows the upward force de- 
veloped when a z rear spring encounters the road-profile 
rise shown at the top without initial downward velocity 
or deflection and also the forces that would exist, with 
x and y springs respectively, if the rear spring were 
compressed initially, before meeting the bump, with half 
the maximum force experienced by the x and y springs 
in first passing over the bump. The behavior of our 
model shows that these conditions can be approximated 
easily during certain speeds of road travel. It will be 
noted that the force of the rear spring is increased 
throughout the travel by the amount of the initial stress 
imposed on it by passage of the front end of the car over 
the bump. This explains why the pitching force of a 
car is increased so greatly with stiff front-springs, as 
will be demonstrated experimentally further on. 


CONCLUSIONS DRAWN FROM THE ANALYSIS 


It is believed that, for any given road inequality, the 
following conclusions may safely be drawn from the 
foregoing analysis: 


(1) The upward force and the rate of increase of pres- 
sure against the passengers vary inversely with 
the flexibility of the spring 


(2) The upward force against the car body is in- 
creased by the amount of friction in the sus- 
pension system that opposes travel of the axle 
from its normal or neutral position. The pres- 
ence of this friction results in a sudden rate of 
increase of rise of pressure against the passen- 
ger at the beginning of the road rise 

(3) The displacement of the body and the energy ac- 
quired by the body are greater as the spring is 
made stiffer 

(4) Within the range of action of the spring, the up- 
ward force increases but slightly with an in- 
crease of the speed above 15 m.p.h. 
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(5) In the higher range of speeds the amplitude of 
initial swing is slightly less with the less-flex- 
ible spring or with the application of friction 
to retard the spring-yield; at lower speeds the 
difference in amplitude becomes more definitely 
in favor of the stiffer spring-system 

(6) Above 15 m.p.h. the energy absorbed in the spring, 
force times distance, for any given bump, is 
substantially in inverse proportion to the flex- 
ibility of the spring; below 15 m.p.h. the energy 
received by the less-flexible spring is greater 
but is not exactly in inverse proportion to the 
flexibility 

(7) The effect of limiting spring action by friction is 
to increase the energy impressed upon the car 
body at a speed of more than 15 m.p.h. while 
only slightly decreasing the energy stored in 
the spring; below 15 m.p.h. the percentage of 
energy stored in the spring is decreased more 
definitely 

(8) The force and the rate of application of force due 
to a dip in the road increase markedly with 
either stiffness or friction in the spring 


THE EFFECT OF AUXILIARY SPRINGS 


Spring elements of the counter-spring type are worthy 
of analysis herein, perhaps, although their effect is set 
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WITHOUT INITIAL DEFLECTION DUE TO ACTION OF FRONT SPRING 


Force of the Rear Spring Is Increased throughout Passage over a 
Road Rise by the Amount of Initial Stress Imposed on It by 
Previous Passage of the Front End of the Car over the Same Bump 
forth in the more complete textbooks on dynamics. The 
counter-spring, acting reversely to the main spring, has 
been proposed at times as a means of controlling the 
recoil. It has been employed in the form of flat leaves 
on top of the master leaf of the spring, in the form of 
a tension helical spring, or concealed in or disguised as 
a shock-absorber. The effect of such auxiliary springs 
on the deflection rate of the spring system is shown in 
Fig. 17. The normal or standing position is changed 
from that of the main spring alone and the action of 
the spring, with this addition, becomes stiffer than that 
of the main spring alone. Some forms of application of 
this counter-spring principle, as the upper one at the 
right in Fig. 17, have the effect of increasing the spring 
friction, with results as previously analyzed. 
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Fic. 17—EFrrects or AUXILIARY SPRINGS 


Forms Shown at the Right Are the Counter-Spring Opposing the 
Action of the Main Spring, the Series Spring Action with the Main 
Spring and the Recoil Check or Shock-Absorber Resisting the 
Action of the Main Spring in One or More Directions. The First 
Increases the Spring Friction, and the Second Gives the Same 
Flexibility and Oscillation Period as Would a Single Spring Having 


the Same Initia] Deflection as the Combination of the Main and 
Auxiliary Spring. All Change the Neutral Point of Initial De- 


flection 


Auxiliary springs to be used in series with the main 
springs have been employed most frequently in forms 
suitable for application to small cars by the individual 
owner. According to theory and my observation, the 
flexibility and the oscillation period of a combination of 
springs in series are the same as those of a single spring 
having the same initial deflection, the frictional effect 
being a matter of whatever frictional force times dis- 
tance occurs in the oscillation. An exception to this ex- 
ists when an object of perceptible mass is located be- 
tween the two springs, as shown in Fig. 18. In this case, 


as illustrated by the model, an intermediate oscillation 
can occur, the violence of this oscillation being greater, 
apparently, as the intermediate weight is greater and 
The illustra- 


also as the two springs differ in flexibility. 





Fic. 18—EFrect oF WEIGHT BETWBEN MAIN AND AUXILIARY SPRINGS 


When a Perceptible Weight Is Interposed between the Main and 

Auxiliary Springs, an_ Intermediate Oscillation Can Occur and Its 

Velocity Appears To Be Greater as the Weight Is Greater. Simi- 

larity of the Arrangement with the Combination of a Vehicle Spring 
and a Balloon Tire Is Made Obvious by the Drawing 
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tion shows the similarity of this system to the combina- 
tion of a vehicle spring and a balloon tire. The model 
shown at the left of Fig. 18 may give rise to some con- 
clusions regarding balloon-tire shimmy. 

Although the subject is not treated analytically herein, 
it may be said from observation that too free motion in 
the seat-cushion springs may be highly objectionable. It 
is not practical to make these springs long enough to have 
a low period, and their recoil, to whatever extent it can 
operate by itself, can easily be unpleasant; furthermore, 
any considerable amplitude of cushion-spring movement 
causes unpleasant rubbing against the back of the seat. 
Personal opinion is a factor in this as in other elements 
of the subject, but it is my belief that an incompletely 
elastic cushion, with stuffing as well as springs inside, 
will always be found more comfortable than those sup- 
ported by springs alone. 


ACTION OF A TWO-SPRING SUSPENSION SYSTEM 


A body suspended on two springs in parallel behaves 
very differently than when suspended on one spring, par- 
ticularly when the springs are attached at widely sepa- 
rated points. Any displacement of the body is likely to 
meet a varying reaction from the two springs, with the 
result that a pitching or oscillating motion is set-up. 
With an automobile suspension, wherein the body is set 
in motion by the displacement of the point of support of 
one of the springs alone, the pitching motion may become 
almost the sole type of action that arises. 

An illustration of the peculiarities of this action is 
furnished by a rod suspended by a spring at either end, 
one of the two springs being considerably more flexible 
than the other, as indicated in Fig. 4. If the point of 
support of the less-flexible spring be suddenly shifted 
vertically, the body will take-up a very definite and com- 
paratively rapid pitching motion about an imaginary 
center located about one-third of its length from the 
spring that has been displaced. If, on the other hand, the 
point of support of the more-fiexible spring be shifted 
suddenly, the body will take-up a more leisurely motion 
about a point outside its length and in its axis projected 
beyond the stiffer spring, as indicated in the lower draw- 
ing in Fig. 4. In either case, the periodicity of the pitch- 
ing motion will be different from that of either of the 
springs acting alone under the percentage of weight that 
it sustains in the illustration. Experiments also show 
that the amplitude of swing may sometimes be made less 
by increasing the flexibility of one of the springs, the 
action of the double-spring system being contrary to that 
of a single-spring system. 

Careful and continuous observation of the behavior 
of automobiles on the road results in the conclusion that 
most oscillations of the body are of the foregoing types 
and to the further conclusion that the good-riding cars, 
practically without exception, have very little pitching 
motion or, if any such tendency exists, the amplitude and 
the periodicity rate are very low. The car we like best 
to drive is one in which the front end rises over the bump 
by itself and is followed by the rear end without any 
marked interaction between the two displacements. On 
the other hand, we also know by experience that a 
tendency to pitch as each displacement by a road in- 
equality occurs makes a car very unpleasant and often 
unsafe to drive. We know, also, that the degree of dis- 
comfort is greater as the pitching action is more rapid. 


FLEXIBLE FRONT-SPRINGS REDUCE PITCHING 


A series of experiments with a model like that in Fig. 
4 was made with a number of springs of different flex- 





ibilities and varied weight-distributions. The spring 
flexibilities and weight-distributions were taken in the 
order, to some extent, of those existing in a motor car 
and the pitching periods were measured. Observations 
are also being made of the amplitude of the pitching with 
different spring and weight combinations. With some 
combinations the motion, once started, appeared stable 
and would continue in about the same phase until the 
weight came to rest; with other combinations the motion 
seemed to pass through a series of phases, making it 
difficult to decide just what the model was trying to do. 
Our estimation of the period was based, however, upon 
the first five or six oscillations, as it was assumed that 
those were the ones that would be most evident in the 
action of a motor car. Perhaps it is also assumed that 
the rate of change of oscillation is more or less in propor- 
tion to this oscillation rate. 

It was rather difficult to decide how to plot the results 
of the observations but, after several trials, the form 
shown in Figs. 5, 6, 19 and 20 was adopted as giving the 
best comparison of the actions of the different combina- 
tions. Calling the spring whose point of attachment was 
displaced the “front” spring and the other the “rear” 
spring, the pitching periodicities of the different com- 
binations of springs with a single straight rod as the 
weight, are shown in Fig. 19, the springs being indicated 
by their initial deflections when hung in position to carry 
individually half the weight. My observation has been 
that cars whose pitching motion is definitely disagreeable 
show a periodicity between 120 and 160 per min., while 
the best-riding cars have a pitching periodicity around or 
below 100 per min. 

It will be noted that the pitching periodicity is deter- 
mined mainly by the flexibility of the front spring. Cer- 
tain authorities on spring-suspension, I believe, have 
recommended the use of a stiff front-spring to cure pitch- 
ing on the road, claiming that the stiffening effect on the 
suspension could be compensated for by making the rear 
spring more flexible. I have checked this on two differ- 
ent cars and have found that making the front spring 
stiffer gave a peculiar choppy motion that was most dis- 
agreeable to the passenger in the front seat and that this 
motion was not reduced by making the rear spring more 
flexible. It was reduced, however, so that it was no 
longer apparent ‘by increasing the flexibility of the front 
spring beyond the point of 344-in. combined initial de- 
flection of the tire and the spring, this being almost 
equally satisfactory with rear spring-suspensions of 4, 5 
and 6-in. initial deflection. With one car, no definite im- 
provement was observed with initial deflections of front 
spring and tire ranging from 11% to 2%4 in. but it seemed 
that the next 1 in. of deflection made a very definite im- 
provement. With the other car, the improvement was 
more nearly proportional to the increase in front-end 
flexibility. 

Fig. 6 shows a weight distribution in the direction of 
that of a roadster or coupe. It will be observed that the 
pitching is very rapid and the action erratic with front 
springs of 1 and 2-in. initial deflection, and also, from 
the change in the curve, that it probably will be erratic 
with front springs of 3 and 4-in. initial deflection in 
combination with rear springs of 4 to 5-in. initial deflec- 
tion. For such a weight distribution, it would seem as 
though the rear springs should be either very stiff or very 
flexible. 

Fig. 5 shows a weight distribution with overhang at 
the ends. This is a relatively steady combination and, 
although the periodicity is still rapid with the stiffer 
front-springs, the amplitude is small. This weight-dis- 
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tribution and that shown in Fig. 20 correspond more or 
less closely to a long car with the engine well up to the 
front axle and a considerable overhang of the body at 
the rear. My observation is that cars of this type are 
relatively steady on the road. It will be noted that slower 
pitching-rates are obtained for given spring-flexibilities 
with these than with other weight-distributions. 

Analysis and model demonstrations both show that the 
pitching would be at the minimum if the weight were 
concentrated at the points of attachment of the springs, 
and presumably this is the distribution that the designer 
should attempt to achieve, so far as conditions permit. I 
have worked from the model to full-size cars and back 
again enough to be convinced that, with practically any 
weight-distribution, the pitching can be held within com- 
fortable limits by proper selection of front and rear 
spring-flexibilities. In every case, except that of Fig. 20, 
however, a more flexible and longer front-spring than is 
commonly fitted is necessary. 

From the analysis previously made with simple springs, 
it would seem that the effect of internal friction in a 
spring, or of friction opposing the natural deflection of 
the spring, would be to increase the initial angle of the 
pitching motion; this has been borne out to some extent 
under my observation. 


How SUSPENSIONS MIGHT BE IMPROVED 


The foregoing analysis points to the conclusion that 
our spring-suspensions might be improved by the follow- 
ing procedure: 

(1) Increase the spring and tire flexibility as neces- 
sary to bring within comfortable limits the up- 
ward shocks received on average road-inequal- 
ities 

(2) Reduce the internal friction of the spring to less 
than 10 per cent of the static spring-load and 
provide means to guard against this friction in- 
creasing in service 

(3) Proportion the front and rear spring-flexibilities 
according to the weight distribution of the car 
to reduce the pitching amplitude and rate to 
within limits of comfort 

(4) Make adequate provision for absorption of spring- 
recoil 

(5) Avoid too free spring-motion in the seat cushions 


Probably all of these recommendations except that of 
more-flexible front-springs will meet with general ap- 
proval. Light front-springs have been tried at one time 
or another in practically every motor-car factory, yet 
they have seldom been adopted. Possibly some of the 
reasons for their rejection are the following, all of them 
except the last, it will be noted, being based upon the 
amplitude of swing of the more-flexible spring. 

(1) Too much “swing”; lack of proper recoil-absorp- 

tion 

) Effect upon steering 

) Striking the bumper, due to insufficient room for 
spring-action 

(4) Wheel shimmying 

(5) Increased wear on shackle and steering joints 

(6) Spring failures due to using too short a spring 

and stressing the metal too highly 

Since increased front-spring flexibility allows greater 
possible pitching amplitude, some form of recoil-check or 
friction device becomes necessary. With some of the 
earlier inefficient forms of shock-absorbers, whatever 
gain in riding comfort could have been derived from 
more-fiexible front-springs was offset more or less by the 
friction resistance added to deflection of the spring from 
its normal position or by tying the frame down to the 
axle so that the springs seldom attained a free normal 
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Fic. 19—PITCHING RATE WITH VARIOUS FRONT AND REAR-SPRING 
COMBINATIONS 

The Pitching Periodicity of the Body Suspended on the Spring Is 

Determined Mainly by Flexibility of the Front Spring. Increasing 

this Flexibility Beyond 3%4-In. Initial Deflection of the Spring 

and the Tire Reduced the Pitching Periodicity so that It Was No 

Longer Apparent with Rear Spring-Suspensions of 4, 5 and 6-In. 
Initial Deflection 

position. A number of types of shock-absorber are now 


available that do not have these limitations. 
DETERMINING STEERING-LINKAGE LAYOUT 


The interference with steering that occurs with the 
present commonly-used steering-linkage when the front 
springs deflect is now generally understood. It is due, 
of course, to the fact that the axle describes an approxi- 
mately circular path around a center to the front of it, 
while the steering-link describes a circular path around 
a center to the rear, so that the steering-knuckle arm is 
moved from its proper position by whatever extent the 
arcs fail to coincide. It is somewhat of a revelation to 
watch the front wheels of an approaching car pass over 
a sharp bump or a 8 or 4-in. drop-off. The fronts of 
the tires often waver from side to side 6 in. or more. 
There are a number of mechanically satisfactory solu- 
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Fic. 20—OSCILLATIONS WITH WEIGHT OVERHANG AT ONE END 


This Distribution Corresponds with That of a Long Car with 

the Engine Well Up to the Front Axle and Considerable Body 

Overhang at the Rear. The Periodicity Is Low, and Cars of This 

Type Are Relatively Steady on the Road. If the Weight Were 

Concentrated at the Points of Attachment of the Springs, the 
Pitching Would Be at the Minimum 
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tions for this difficulty, perhaps the simplest being that 
first used, I believe, on the early Mercedes cars, of 
shackling the front semi-elliptic spring at its front end, 
thereby locating the center of the axle arc to the rear, 
adjacent to the center of the steering-link path. 

In finally determining the steering-linkage layout, I 
believe it is important to fasten a plate to the frame over 
the axle and actually scribe on it the paths described by 
the front end of the steering-link and by the ball on the 
steering-arm when the front wheels are directed straight 
ahead and the springs deflected either way to the ex- 
treme of their motion. This is because the path of the 
steering-arm ball, unless it is in exact line with the top 
spring-leaf, is determined partly by the relative curva- 
ture of the front and rear ends of the spring to an extent 
that can hardly be foretold on the drawing-board. If the 
two paths so scribed do not diverge more than %% in. be- 
tween the extremes of spring travel, no steering trouble 
will be encountered by the use of a front spring having 
234-in. initial deflection. 


WHAT MORE-FLEXIBLE FRONT-SPRINGS ENTAIL 


It has become customary, through a decade or more of 
practice, to allow only from 2 to 2%4 in. of room for 
front-spring deflection. This distance must be increased 
in proportion to the increased flexibility of the spring. 
This is merely a matter of drafting-room layout; if 
necessary, additional room can be gained without raising 
the frame by locating the front springs beneath the axle. 

In two instances, when I increased the flexibility of 
the front springs, a tendency to shimmy resulted, 








Body Moving Relative to Axle 


Fic. 21—RELATIVE MOTION BETWEEN BoDY AND AXLE 


Application of Friction during Transition from Axle Position c 
» Position b Seriously Augments the Force Due to a Dip in the 
Rvuad, While Application from a to b, Causing Retardation of Re- 
turn of the Rear Spring to Its Neutral Position after Being De- 
pressed by the Rise of the Front End, Leaves the Spring in 
Condition To Meet the Bump with Increased Force. Motion from 
b to a Should Be as Free as Possible, and Freedom of Motion 
from b to ec Is More Desirable at Low than at High Speed. 
Absorption of Spring Energy Should Occur during Passage in_ the 
Direction a to ec. but Concentrating the Retarding Force Too Much 
in Position a Will Tend To Hold the Car Down during Passage 
Over a Close Succession of Bumps, While Sudden Concentration 
at Position c. After the Body and Passengers Have Gained Upward 
Velocity, Will Tend To Stop the Body but Not the _ Passengers. 
Any Application of Frictional Force from_a to c, However, Is 
Superior to the Application of Equivalent Friction in Both Direc- 
tions throughout the Motion of the Spring 
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Spring May Be Partially Absorbed, Reducing Subsequent Recoil 
Fic. 22—Types OF ROAD IRREGULARITIES AND THEIR EFFECT ON 
RELEASE OF SPRING ENERGY 

A Quick Drop or Rise from One Level to Another Allows the Whole 
Displacement-Energy of the Spring To Be Released in the Sub- 
sequent Recoil, as in the Upper Four Diagrams. A Hump or Dip, 
as Shown at the Bottom, Allows the Energy of Displacement To 
Be Partially Recovered and Reduces the Recoil 


straight-side high-pressure tires being used in both cases. 
The action, which appeared to start with the sidewise 
deflection of the wheels on passing over a bump, resulted 
from incorrectness of the steering-link layout and the 
trouble was reduced materially when the layout was made 
more nearly correct. Tendency of the shimmy to persist 
after once starting seemed to be due to the fact that, 
with the wheels once deflected from the straightforward 
position, forward motion of the car would generate a 
moment that tended to throw them back to center, this 
moment being proportional to the angular displacement ; 
in short, the conditions were right for harmonic vibra- 
tion. The shimmy was eliminated in each instance by 
tilting the axle forward. With each car, before this modi- 
fication, the steering had a tendency to straighten-up of 
itself coming out of a curve, and the increased axle-in- 
clination that eliminated the shimmy also seemed to pro- 
duce a tendency of the steering to maintain any position 
at which the wheels were set. 

While increasing the flexibility of the front springs 
will increase the movement and wear on the shackle 
joints, the joints should not wear more rapidly than those 
of the rear springs, which have even greater action. It 
is probable that, with greater axle travel, a greater 
penalty will be placed upon inaccurate alignment and that 
whatever undue wear has been noted with the more- 
flexible springs resulted from this cause. 

Lengthening the front spring to between 40 and 44 in. 
probably will be necessary, to increase the flexibility as 
recommended, if the common-gage master-leaf is em- 
ployed with the steels commonly used. If the spring is 
made wider, a thinner-gage master-leaf may be safe and 
this will permit a shorter spring. This is, of course, a 
matter of detail upon which the spring maker should be 
consulted. 


FRICTIONAL ACTION IN SPRING-SUSPENSION 


The foregoing analysis seems to indicate plainly that 
the direct discomfort resulting from road inequalities be- 
comes less as the springs are made more flexible but that 
the more-flexible springs may yield a greater degree of 
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potential discomfort due to their greater amplitude of Spring Deflection 
swing, particularly when this is intensified by incorrect Line --....+3 Starting Font Starting Point 
steering or braking linkage or by wrong axle-attachment. Starting } : 


This increased amplitude is seldom objectionable, how- 
ever, from the viewpoint of potential discomfort on the 
first or forced stage of displacement during actual 
passage over the bump or other road inequality; it is the 
persistence of the greater degree of motion, after the 
inequality has been passed, that is objectionable. Hence 
it would seem that the use of more flexible springs 
should be accompanied by the use of a greater degree of 
energy-absorption, which should operate only after 
forced displacements have occurred. 

Friction in the spring, or opposition to the yield of the 
spring, as has been noted, increases the force transmitted 
to the body by the first displacement due to any road in- 
equality, and it does not decrease but, if anything, in- 
creases the violence of the pitching motion imparted 
initially to a two-spring suspension system. It has been 
suggested that friction be eliminated during displace- 
ment of the spring on either side of its neutral position 
but be applied during its return, thereby allowing free 
motion on either of the displacements shown in Fig. 21. 

Unfortunately, the application of friction during the 
transition from axle position c to position b will augment 
seriously the force due to a dip in the road. Similarly, 
friction applied during transition from positions a to b is 
bad for the condition shown in Fig. 4 when the rear end 
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Fic. 23—GrAPHIC COMPUTATION OF SPRING DEFLECTION, Bopy RIsE 
AND UPWARD ACCELERATION FORCE 
The Computation Is for the x Spring Curve on Fig. 8. The Profile 
of Axle Travel Is Shown at the Lower Left. The Car-Speed Is As- 
sumed us 20 M.P.H., the Body Weight on the Spring as 500 Lb. and 
the Initial Spring-Deflection as 1% In. 
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Fic. 24—SPrING-DEFLECTION AND Bopy-ForcEe LINES 


of the car has been depressed by the rise of the front 
end; retarding the return of the rear spring to its normal 
position leaves it in a position to meet the bump with in- 
creased force. Fortunately, some of these conditions 
occur more often than others and they also vary in the 
magnitude of their effect upon the forces generated. It 
is highly important that motion from b to a should be as 
free as possible, while freedom of motion from b to ¢ is 
more desirable at low than at high speed, since at high 
speed the wheels may pass over holes without dropping 
into them. Frictional retardation from c¢ to b is of minor 
importance and the disadvantage of frictional retarda- 
tion from a to b can be minimized largely by the proper 
selection of spring flexibilities to cut-down the initial 
pitching-displacement. 

This leads to the conclusion that the absorption of. 
spring energy should occur during passage in the direc- 
tion of a toc. If the retarding force is concentrated too 
much in position a, it will have the effect of holding the 
car down during passage over a close succession of small 
bumps, such as railroad tracks, while a sudden concen- 
tration of force at position c, after the body and the 
passengers have gained upward velocity, will have the 
effect of stopping the body but not the passengers, actu- 
ally increasing the motion of the latter relative to the 
body and sometimes throwing them from their seats if 
the axle is heavy enough. Unquestionably, however, any 
application of frictional force in the interval from posi- 
tion a to position c is definitely superior to the applica- 
tion of the equivalent friction in both directions through- 
out the motion of the spring, as, for example, inter-leaf 
friction. To give specific quantities, inter-leaf friction 
of 50 lb. on a spring carrying a load of 500 lb. just begins 
to be objectionable from the viewpoint of augmenting the 
impulses transmitted to the passengers by the initial 
road-displacements; but this friction is not enough to 
hold the car steady at speeds above 30 m.p.h. or at lower 
speeds on the large bumps encountered in detours and the 
like. Increase of inter-leaf friction to 100 lb. will hold 
the car steadier but will be found to give very definitely 
harder riding in the legal speed range on ordinary roads. 
Without any question improvement in riding-quality de- 
mands directional control of the spring-suspension fric- 
tion. 


COORDINATING THE SHOCK-ABSORBER WITH THE SPRING 


Involved with the question of direction of spring recoil 
absorption is that of magnitude of the stored energy. 
Magnitude of the force stored in the spring is greater 
during a displacement in one direction only, as in the 
upper four diagrams in Fig. 22, than during displace- 
ment resulting from bumps and dips, as in the lower 
diagrams. In the latter case some recovery of energy 
occurs, as shown in Fig. 15. If the friction is too great, 
the spring will be too long in recovering its normal posi- 
tion. The greatest amplitude of spring action usually 
occurs as the result of hitting a road inequality when the 
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springs have been deflected previously to a position of 
considerable strain, but this is occasional and unusual. 
A recoil-absorbing device having a capacity, force times 
distance, equal to from one-third to one-half of the work, 
force times distance, of the various spring-displacements 
encountered will hold the car satisfactorily in practically 
all emergencies. More capacity than this is likely to give 
too slow a spring-return rate. 

As the friction need be applied only during the spring 
recoil, which tends to occur at a certain natural rate, the 
friction work need only be coordinated with the spring- 
displacement energy and not necessarily with the road 
profile or car-speed. The oscillations of the spring, either 
singly or in pitching, occur in a fixed period of time 
whether the displacement is small or great, hence both 
their linear travel and their velocity are in some propor- 
tion to the energy absorbed initially by the spring. The 
resistance to spring recoil may, therefore, be regulated 
satisfactorily in accordance with either the amplitude or 
the velocity of oscillation. The better grade of recoil- 
checks or shock-absorbers placed on the market embody 
as a form of regulation (a) force graduated by direction 
and by the position of the axle relative to the body, or 
(b) force graduated by direction and by velocity. I 
recommend an actual trial of these devices for the esti- 
mation of their relative merits. 

Several basic considerations regarding the action of 
shock-absorbers may be mentioned. Some of these de- 
vices have a tension member to resist the separation of 
the frame from the axle, with a return spring to take up 
the slack of a cable or strap. The pull on the tension 
member consists of two components, (a) the pull of the 
return spring, which opposes the action of the vehicle 
main-spring and stiffens it to that extent, as shown in 
Fig. 17, and (b) the energy-absorbing friction. A num- 
ber of the devices in the market vary considerably as to 
proportions of these two components; I have measured 
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one “100-lb.”” shock-absorber whose resistance was 75 lb. 
of friction and 25 lb. of return spring-tension, while an- 
other of different design had 90 lb. of return spring-ten- 
sion and 10 lb. of friction-absorption. It is easy to see 
which would be the more effective in steadying a car. 

To give the best control of a car at high speed, the 
rotating part of a spring-return shock-absorber should 
be made as light as’ possible so its action may follow the 
road profile; because, if a car traveling at 45 m.p.h. for 
example, should pass over a 6-in. rise 12 in. long in 1/66 
sec., a return-spring force of 135 lb. would be required 
to rotate 1 lb. of shock-absorber rim, at the radius at 
which the tension member comes off, fast enough to 
keep the tension member taut! Another reason for keep- 
ing the rim light to reduce the tension necessary for the 
return spring is that this return spring stiffens the ac- 
tion of the main spring, as shown in Fig. 17. 

The construction of the hydraulic type of shock-ab- 
sorber should embody means to compensate for any change 
in the viscosity of the liquid due to a temperature change. 
This is a point that can be appreciated particularly by 
anyone who has observed the action of oils in a cold room 
or under cold test. As shock-absorbers are, primarily, 
means for developing heat, it is easy to perceive that a 
hydraulic device without such compensation could vary 
its effect tremendously according both to the temperature 
at which it started to work and to the change of tempera- 
ture in operation. 

The duty of a shock-absorber may be summed-up in 
the statement that it should adequately absorb spring 
energy without stiffening the spring or opposing its 
natural yield from its normal position. The correct 
shock-absorber will reduce potential discomfort, hold 
down the amplitude of the spring recoil and ensure safety 
at speed and on the bad road-surfaces encountered oc- 
casionally, and should accomplish this without unneces- 
sarily hampering the spring action or augmenting the 
direct discomfort of the passengers. 


APPENDIX 


METHOD OF COMPUTATION OF DEFLECTION OF SPRINGS OF 
KNOWN FLEXIBILITY, WITH KNOWN SPEED, BopDy- 
WEIGHT AND ROAD PROFILE 


If we select any given time increment, which is desig- 
nated most conveniently as a certain division of linear 
forward travel at a known speed, the upward body-ac- 
celeration, or gain in upward velocity at the end of this 
increment over that possessed at its beginning, plus the 
deflection of a spring during this increment of time, will 
equal the linear component of the rise of the road profile 
traversed in this same time-increment. As shown in 
Fig. 9, if the spring deflection be plotted with its upward 
ordinates reading positive, and the body-rise be plotted 
on the same curve with its downward ordinates reading 
positive, both abscissa readings being in pounds, the sub- 

TABLE 1—COMPUTATION OF CURVE FOR x SPRING IN FIG. 10 


Serial Number of Increment I II III IV 
A Increment of Road Rise, ft. 0.0104 0.0313 0.0520 0.0730 
B Upward Velocity of Body at 

Beginning of This Incre- 


ment, (sum of Line @), ft. 0.0000 0.0004 0.0018 0.0047 
C Net Road Rise, Excess of 

This Increment Over Pre- 

vious Upward Velocity 

(A-B), ft. 0.0104 0.0309 0.0502 0.0683 
D Spring Deflection at Begin- 


ning of Time Increment 
(sum of preceding items of 


Line F’), ft. 0.0000 0.0100 0.0399 0.0870 
E Force of Upward Accelera- : 

tion, Ib. 38 149 325 560 
F Resulting Spring Deflection 

(C-G) t 0.0100 0.0285 0.0473 6.0640 
G 


Resulting Body Rise (C-F), 
ft. 0.0004 0.0013 0.0029 0.0050 
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ABSTRACT 


ECENT work in connection with the Cooperative 
Fuel Research is discussed in the paper, which 
presents data obtained as a result of the recommenda- 
tion of the steering committee “that the factors con- 
tributing to easy starting be investigated.” It refers 
first to preliminary work discussed in previous reports, 
and then describes the test set-up. This was much the 
same as that used in the crankcase-oil-dilution tests, 
the chief difference being the replacement of the car- 
bureter by a single jet mounted in a vertical pipe. 
The arrangement was such that changes in jet size, jet 
location, rate of fuel flow, throttle opening and choke 
opening could be obtained easily. Provision was made 
for measuring the amount of fuel used in starting. 
The test procedure consisted in driving the engine 
by the dynamometer until conditions became constant, 
then in turning the fuel on and noting the time re- 
quired for starting and the amount of fuel used. The 
information thus obtained is presented in curves and 
its significance is discussed. Among the factors the 
influences of which are shown are fuel-air ratio, jet 
size, jet location, spark-advance, fuel volatility, amount 
of throttling, amount of choking, temperature of 
jacket water and temperature of entering air. 


HE cooperative fuel research, which is being con- 
ducted at the Bureau of Standards, is under the 
direction of a steering committee composed of 
representatives of the cooperating organizations. These 
organizations are: the American Petroleum Institute, 
the National Automobile Chamber of Commerce, the 
Society of Automotive Engineers and the Bureau of 
Standards. One of the recommendations made by the 
steering committee for the current year was, “that the 
factors contributing to easy starting be investigated.” 
The results thus far obtained are here presented. 
Preliminary and qualitative data on this subject have 
been given in previous reports.’ In these reports the 
starting problem was stated as consisting essentially in 
providing in the engine cylinder sufficient fuel vapor to 
form an explosive mixture and a spark with which to fire 
it. Experiments were described which showed that, 
under certain conditions, the volatility and temperature 
of the fuel had an enormous influence upon the quanti- 
ties required to give an explosive mixture. The in- 
fluence of various factors upon the compression pres- 
sure, and presumably upon the compression temperature, 
during the starting period was discussed also. 
Although this information was of interest and of 
value, the importance of obtaining quantitative data on 
the influence of various factors upon the starting of an 
engine was recognized. In most respects, the engine and 
the equipment were the same as used in the study of 
crankcase-oil dilution. This engine is a four-cylinder 
truck-engine having a bore of 4.75 in. and a stroke of 6 
in. For these experiments the carbureter was replaced 
by a single jet mounted in a vertical section of pipe, con- 
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Fic. 1—SetT-Up For STARTING TESTS 

For These Experiments, the Carbureter Was Replaced by a Single 

Jet Mounted in a Vertical Section of Pipe Connected to and Hav- 


ing the Same Inside-Diameter as the Intake-Manifold 


nected to, and having the same inside diameter as, the 
intake-manifold. It is shown in Fig. 1. The vertical 
section was about 10 in. long and flanged at both ends. 
Ordinarily, a flat-plate orifice mounted upon the upper 


Total Revolutioris of Engine | | 
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Fic. 2—REPRESENTATIVE CURVE FROM DATA OBTAINED 
The Engine Was Driven at a Constant Speed, Usually of 200 
R.P.M., by a Dynamometer with the Fuel Supply Shut-Off. When 
Engine Conditions Had Become Reasonably Constant, Fuel Was 
Turned On and the Time Required To Obtain an Audible Explosion 
Was Taken by a Stop-Watch. This Was Considered the Starting 
Time. The Fuel Was Shut-Off Immediately and, from the Reading 
of the Burette, the Total Amount Used in Starting the Engine 
Was Determined. The Relation between Fuel Flow and Time Re- 
quired for Starting Is Shown in This Curve. Inasmuch as the 
Airflow Was Constant, the Curve Ordinates Are Proportional to 
the Fuel-Air Ratio. The Curve Can Be Considered as Showing 
the Relation between the Fuel-Air Ratio Leaving the Carbureter 
and the Time Required for the Mixture in the Cylinder To Become 
Rich Enough To Fire 
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flange served as a throttle and, when occasion required, 
an orifice was also mounted on the lower flange to serve 
as a “choke.” Except where otherwise specified, a 1-in. 
orifice was employed as a throttle and no choke was used. 

The position of the jet could be altered at will but, in 
most instances, it was mounted with its outlet about 42 
in. above the entrance to the vertical pipe. The jet 
received its fuel from a float-chamber, to which it was 
connected by flexible tubing. Flow to the jet was con- 
trolled by a quick-acting valve located near the jet, and 
the rate of flow was altered by raising and lowering the 
float-chamber. This float-chamber was in turn connected 
to a burette for measuring the fuel used. 


TEST PROCEDURE 


The test procedure consisted in driving the engine by 
a dynamometer at a constant speed, usually 200 r.p.m., 
and with the fuel supply shut-off. When engine condi- 
tions had become reasonably constant, fuel was turned 
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3—ANOTHER REPRESENTATIVE CURVE FROM TEST DATA 


Fic. 
The Total Amount of Fuel Used in Starting Is 


Plotted Against 
Rate of Fuel Flow. The 


Amount Is Least for Comparatively Rich 

Mixtures 
on and the time required to obtain an audible explosion 
was taken by a stop-watch. This was considered as the 
starting time. The fuel was shut-off immediately and, 
from the reading of the burette, the total amount used 
in starting the engine was determined. 

Figs. 2 and 3 show representative curves plotted from 
data obtained in the manner outlined. In Fig. 2, a 
relation is shown between fuel flow and time required 
for starting. Inasmuch as the airflow was constant, the 
ordinates are proportional to fuel-air ratio. From a 
very rough estimate of the airflow it appears that, under 
the conditions covered by Figs. 2 and 3, a fuel flow of 
6 cc. per sec. would correspond to a fuel-air ratio of 
about 0.33 lb. of fuel per lb. of air, or 3 Ib. of air per 
lb. of fuel, and a fuel flow of 2 cc. per sec. to a ratio of 


0.11 lb. of fuel per lb. of air, or 9 lb. of air per Ib. of 
fuel. 
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Fic. 4—COMPARISON OF CYLINDERS AS TO STARTING TIME 


To Determine Whether Sufficient Differences Exist in the Quality 
of the Charge Received by the Different Cylinders of a Multi- 


Cylinder Engine To Cause One Cylinder To Fire Appreciably 
Sooner than Another, Four Groups of Measurements Were Made 
in Each of Which the Leads Were Removed from All the Spark- 
Plugs Except One. 


The Cylinder That Was Permitted to Fire 

Was Different for Each Group. This Curve Gives Ample Evidence 

That Differences in Distribution under These Conditions Were 
Negligible 

Fig. 2 shows that, within certain limits, the richness 
of the mixture determines the number of revolutions 
that must be made before an explosion is obtained. It 
should be noted, however, that the figure shows the fuel- 
content of the mixture leaving the carbureter, which is 
not necessarily the fuel-content of the mixture in th 
cylinder. It is the mixture in the cylinder that deter 
mines whether an explosion will occur, and Fig. 2 can_ 
be considered as showing the relation between the fuel- ) 
air ratio leaving the carbureter and the time required | 
for the mixture in the cylinder to become rich enough | 
to fire. 

Under the conditions of this test, with a constant 
fuel-air ratio delivered by the carbureter, the mixture 
in the engine cylinder becomes richer on each succeeding 
cycle. Some such effect should be anticipated, even if 
the fuel were completely vaporized when it left the jet. 
This would result from the fact that the intake-manifold 
and clearance volumes contain only air at the time the 
fuel is turned.on. Thus, the first charge that enters the 
engine cylinder mixes with a “clearance-volume-full” of 
air. On succeeding strokes, the clearance volume will be 
filled with a mixture of fuel and air rather than with 
air alone, and the amount of leaning of mixture will be 
reduced correspondingly. 
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Fig. 5—SPARK-ADVANCE AND STARTING-TIME RELATIONS 
Illustrating One of the Efforts Made To Ascertain What Factors 
Do Have an Influence on the Time Required for Starting and How 

Great Such Influences May Be 
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a 34-Deg. Spark -Advance 
x 47-Deg. Spark-Advance 
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Fic. 6—SPARK-ADVANCE AND STARTING-TIME RELATIONS USING 
AVIATION GASOLINE 
These Curves Indicate That the Effect of Spark-Advance Is Much 
Less Pronounced with a More-Volatile Fuel than That Used To 
Obtain the Data for Fig. 5 


Presumably, the increase in richness of the mixture 
in the cylinder is primarily the result of delayed vapor- 
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Fig. 7—VeERTICAL RISE OF THE FUBL STREAM AND STARTING-TIME 
RELATIONS 
The Comparative Results Obtained First with a Jet Discharging 
Vertically Upward, and Then with the Same Jet Discharging against 
an Obstruction Placed Slightly above It Are Presented. The 
Quantity of Fuel Required To Start the Engine in a Given Time 
Is Greater under the Latter Condition 


ization. 
believed to be as follows: 


The mechanism of this delayed vaporization is 
In successive cycles, an in- 
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Fic. 8—JET-LOCATION 
The Curve Shows 





INFLUENCE ON 

Better Results Were 

Outlet Was ™% in. above than When Located 3 In. above the 

Entrance. The Excessive Quantity of Fuel That Dropped Back 

Out of the Vertical Pipe When the Jet Was Located 3 In. Above 

the Entrance Indicated Bither Greater Pulsations in Fiow or 
Differences in Turbulence 


TIME 
Obtained When the Jet 


STARTING 







creasing portion of the fuel reaches the engine cylinder 
and becomes vaporized by the time of ignition. This is 
due to the fact that to the fuel supplied by the carbureter 
is added a certain amount of fuel vapor resulting from 
‘the vaporization of fuel which in previous cycles had 
been left in liquid form in the manifold and the cylinders. 
|} This is at least one possible explanation of the data 
shown in Fig. 2. 

In Fig. 3, the total amount of fuel used in starting is 
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Fic. 9—COMPARISONS OF FUEL-QUALITY EFFECTS 
Results Obtained with Aviation Gasoline and with Motor-Car 


Gasoline Are Compared To Ascertain the Effects of Fuel Volality 
on Starting Time 


plotted against rate of fuel flow, and it will be observed 
that this amount is least for comparatively rich mix- 
tures. It hardly needs to be emphasized that the ad- 
vantage of the rich mixture is not primarily that it 





























Temperature, deg, fahr: 
Temperature deg. cent. 

















Amount Distilled, per cent 


Fic. 10—DISTILLATION CURVES 
The Characteristics of the Two Fuels Used _ To Obtain Data for 
the Curves of Fig. 9 Are Here Presented 


reduces the cost of starting by reducing the amount of 
fuel which must be used for that purpose. Due con- 
,Sideration should be given to the fact that the lubricant 
{upon the cylinder-walls will be diluted to a far greater 
‘extent by admitting fuel for several revolutions without 
/an explosion, than by admitting a like total amount in a 
single revolution in which an explosion is obtained. On 
a cold winter morning when one expects that each revo- 
lution of the starter will be its last, the fact that the 
rich mixture reduces the number of revolutions required 
is far more important than the other advantages men- 
tioned. 
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Fic. 11——INTAKE-AIR TEMPERATURE AND STARTING-TIME RELATIONS 
The Curves Show the Effect of Differences in Vaporization Brought 
About by Differences in Air Temperatures 


DISTRIBUTION OF MIXTURE 


It would be natural to expect that, in a multi-cylinder 
engine, sufficient differences would exist in the quality 
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Fic. 12—INFLUENCE OF JACKET-WATER TEMPERATURE ON STARTING 
TIME 

The Fact That the Temperature of the Cooling Medium Surround- 

ing the Cylinders Affects the Quantity of Fuel Required for Start- 


ing Is Brought Out in the Curves 


of the charge received by, and in the condition of, the 
different cylinders, to cause one cylinder to fire appre- 
ciably sooner than another, particularly when circum- 





Fic. 13—-ENGINE OPERATION AT A LOW JACKET-WATER TEMPERATURE 
Attention Is Directed to the Fact That the Intake-Manifold in This 
Ungine Is Not Water-Jacketed and That the Temperature of the 
Jacket Water Has Comparatively Little Influence upon the Tem- 
perature of the Charge Prior to Its Entry into the Engine Cylinder 


ENGINE-STARTING TESTS 











stances are such that many revolutions are necessary to 
produce a start. To determine if such were the case 


with the engine under test, four groups of measurements 
were made in each of which the leads were removed 
from all the spark-plugs except one. The cylinder per- 
mitted to fire was, of course, different for each group 
Fig. 4 shows the results of these tests and 


of tests. 
T 












o No Throttle Orifice 
« [%a-In Throttle Oritize 
« Y¥4-In, Throttle Orifice 
 Y2-In. Throttle Orifice 
x %4-In. Throttle Oritice 


Ss 










a ow 





SSisesees= 
ge MD. Ss me 
BRB@MRR@hme ae eS 
BEMURRMe eae 
BEMBREPZAESRY. ~ 
otto°oeftpepe ee @iase.. 2. === 
Time Required for Starting, sec 





SSL 
aa 








Rate of Fuel Flow per Second,cc. 
(ee) 


0 


Fic. 14—-THROTTLING EFFECTS ON STARTING TIME 
Vaporization Is Dependent = Pressure as Well as upon Tem- 
perature and a Decrease in Throttle Opening Results in a Lower 
Pressure in the Manifold. More-Complete Vaporization and Quicker 
Starting Would Be Expected from Such Reduction in Pressure and 

the Curves Show the Extent to Which It Is Obtained 


gives ample evidence that differences in distribution 
under these conditions were negligible; this figure also 


furnishes rather convincing evidence of the consistency 
of measurements obtained by this method. 
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Fic. 15—“CHOKING” EFFECTS ON STARTING TIME 
Choking, or Reducing the Opening at the Entrance to the Car- 
bureter, Reduces the Pressure throughout the Intake System. The 
Curves Show the Extent to Which More-Complete Vaporization 
and Quicker Starting Are Obtained from Such Reduction in Pres- 
sure. The Curves Indicate That Choking Produces Somewhat 
Better Results than ieee, =? for Which Are Shown in 

ig. 14 


STARTING TIME 


Each one of the diagrams that follow illustrates the 
influence of some particular factor upon the time re- 
quired for starting. These are not presented in the order 
of their importance or as being complete. Up to the 
present, the goal has been to ascertain what factors do 
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Fig. 16—FwvEL-VOLATILITY INFLUENCE ON STARTING 


TIME 
The Curves Give an Even More Convincing Demonstration of the 


Vaporization That Results from Throttling and Choking. This 
Chart Should Be Compared with Fig. 9, as the Same Fuels Were 
Used. It Is Evident That Use of the %-In. Throttle and Choke 


Orifices Has Reduced the Differences in the Starting Time of the 
Two Fuels 


have an influence and to obtain some 
great such influences may be. 
quired is here presented. 
Spark-advance was one of the first factors the in- 
fluence of which upon starting was given attention. Fig. 
5 shows the result. The significance of 34 deg., 47 deg., 
and the like is merely that the tests happened to be 
made at these advances and not that at 47 deg., for ex- 
ample, the results would be materially different than at 
45 or at 50 deg. The tests did, however, show very 


idea as to how 
The information thus ac- 


definitely that an advance of approximately 35 deg. gave 
a much shorter starting time than one of 10 deg., and 
Retard- 


somewhat shorter than one of 50 or of 80 deg. 
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ENGINEERS 


ing the spark beyond top-center gave even poorer results. 

It can be stated with some assurance that the differ- 
ences as shown are not due to differences in the charac- 
ter of the spark delivered by the magneto, as changes in 
spark-advance were obtained by shifting the magneto 
coupling so that the position of the magneto armature at 
the time the spark occurred remained constant. It is 
expected that further experiments will show why the 34- 
deg. advance proved most suitable for this particular 
engine. That the explanation will be linked to the ques- 
tion of vaporization is suggested by Fig. 6, which indi- 
cates that the effect of spark-advance is much less pro- 
nounced with a more-volatile fue!. Insofar as this report 
is concerned, however, the curves are presented merely 
to show that spark-advance does influence the time re- 
quired for starting, and to explain why the particular 
advance employed in these experiments was chosen. It 
may also be mentioned in passing that in these tests a 
spark-plug gap of approximately 0.025 in. was used, 
tests having shown no difference in the time required 
for starting with gaps of 0.006 and of 0.029 in. 


LIFT OF FUEL 


Fig. 7 shows that the vertical distance, through which 
the fuel must be lifted, may be important. It gives the 
comparative results obtained first with a jet discharging 
vertically upward, and then with the same jet discharg- 
ing against an obstruction placed slightly above it. The 
quantity of fuel required to start the engine in a given 
time is greater under the latter condition. Fuel is dis- 
charged from the unobstructed jet with sufficient ve- 
locity to carry it to a considerable height. The distance 
that the fuel must be lifted and carried by the airstream 
in the manifold is therefore less than when the jet is 
obstructed and; as a result, more fuel reaches the cylin- 
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Fic. 17—Errects or Jer SIZE UPON STARTING TIMB 


The Results of Tests Made To Determine the Influence of Jet Sizes Are Presented Graphically. 


It Is Possible That Better 


Atomization Was Obtained with the Small Jets, but No Marked Differences in Performance Were Observed Except under 
the Conditions Indicated in the Lower Left-Hand View 
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der in a given interval and the time required for starting 
is reduced correspondingly. This conclusion is supported 
by the fact that the largest differences between the re- 
sults with the two jets were found when the rates of 
fuel flow were the greatest. 

Other experiments, the results of which have not been 
plotted in this report, point to the same conclusion. In 
one instance, two sizes of jet were compared and it was 
found that, for a given rate of fuel flow, the time re- 
quired for starting was shorter when the smaller jet 
was employed. To obtain the same rate of fuel flow 
through the two jets, the velocity of discharge through 
the small jet must have been higher than through the 
large jet, and hence the fuel must have risen to a greater 
height. The explanation for the difference in starting 
time is obviously the same as that given in the previous 
experiment. One would expect slightly better atomiza- 
tion from the smaller jet, but this appears to have a 
minor influence upon performance since, in another ex- 
periment, both of these jets were made to discharge 
against an obstruction and, under such conditions, the 
larger jet proved to be superior. To eliminate the effects 
just discussed, a special type of jet with six horizontal 
discharge holes of 0.031-in. diameter were substituted 
in subsequent experiments. 

The experiments just described indicate that, from 
the standpoint of starting, at least, it is desirable to 
locate the carbureter jet so that the vertical distance 
through which the fuel must be lifted will be the mini- 
mum. Fig. 8 appears to offer conflicting testimony, as 
it shows better results to have been obtained with the 
jet outlet 12 in. above the entrance than with the jet 
about 3 in. above this entrance. The excessive quantity 
of fuel that dropped back out of the vertical pipe when 
the jet was in the latter position indicated, however, 
either greater pulsations in flow or differences in turbu- 
lence. 

FUEL VOLATILITY 


One example of the effect of fuel volatility upon start- 
ing is furnished by Fig. 9, in which -results obtained 
with an aviation and with a motor-car gasoline are com- 
pared. Distillation characteristics of these two fuels 
are given in Fig. 10. 

The effect of differences in vaporization brought about 
by differences in air temperatures is shown in Fig. 11. 
That the effect is large will be no surprise to those who 
drive in northern parts of the Country. 

Fig. 12 shows that the temperature of the cooling 
medium that surrounds the cylinders has an influence 
on the quantity of fuel required for starting. This shows 
that the problem of starting in cold weather does not 
consist of merely getting fuel into the engine cylinder, 
but that the quantities of fuel required may be very 
different for different jacket-water temperatures. Fig. 
13 is a photograph of the engine operating at a low 
jacket-water temperature. Attention is particularly di- 
rected to the fact that in this engine the intake-manifold 
is not water jacketed, and that the temperature of the 
jacket water has comparatively little influence upon the 
temperature of the charge prior to its entry into the 
engine cylinder. 


THROTTLING AND CHOKING 


Vaporization is, of course, dependent upon pressure 
as well as upon temperature. A decrease in throttle 
opening results in a lower pressure in the manifold. 
“Choking,” that is, reducing the opening at the entrance 
to the carbureter, reduces the pressure throughout the 
intake system. More complete vaporization and quicker 
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Fic. 18—SpeciaL Jer USED FOR OBTAINING THE Test RESULTS 
Its Removable Cap sale be aman , Se lane cl i 
Used as Metering Orifices. in This Peon ad ‘ta’ the chee 
Vertical and the Sizes of the Orifices Were Such That for the 
Same Rate of Fuel Flow, the Vertical Heights of the Discharge 

from Both Discs Were the Same . 
starting would be expected from such reduction in pres- 
sure and Figs. 14 and 15 show the extent to which it is 
obtained. The result of using the 4-in. orifice as a 
throttle appears to be exceptional, but is due to the fact 
that with such a small orifice the amount of liquid fuel 
striking the orifice plate and being thrown back was 
Increased. The curves as plotted in these figures are not 
strictly comparable, inasmuch as a change in airflow 
occurs with every change in throttle or choke opening; 
hence, the same fuel flow does not represent the same 
mixture-ratio. Estimates of airflow indicate, however, 
that if it had been possible to plot the results against 
mixture-ratio, pronounced differences due to differences 
in vaporization would have been shown. Choking would 
be expected to give somewhat better results than throt- 
tling, as it reduces the pressure throughout the intake 
system instead of in the manifold alone. The curves 
indicate that such is the case. 

What is perhaps an even more convincing demonstra- 
tion of the vaporization that results from throttling and 
choking is furnished by Fig. 16. This figure should be 
compared with Fig. 9, as the fuels employed were the 
same. It will be observed that use of the 14-in. throttle 
and choke orifices has greatly reduced the differences in 
the starting time of the two fuels. 

The curves of Fig. 17 show results of tests undertaken 
in a study of the influence of jet sizes. For these tests 
a special jet was constructed, as shown in Fig. 18. This 
jet was provided with a removable cap which made it 
possible to interchange the small discs used as metering 
orifices. Thus far, only two discs have been employed; 
one had a single hole of 0.055-in. diameter located in the 
center; the other contained four holes of 0.028-in. diame- 
ter arranged as shown in Fig. 18. In this type of jet 
the discharge is vertical and the sizes of the orifices 
were such that, for the same rate of fuel flow, the verti- 
cal heights of the discharge from both discs were the 
same. It is possible that better atomization was ob- 
tained with the small jets, but no marked differences in 
performance were observed except under the conditions 
indicated in the lower left-hand view of Fig. 17. 


GENERAL RESULTS 


The general results to date in regard to the starting 
problem can be summarized as follows: 

(1) The development of what appears to be a satis- 
factory experimental procedure 

(2) The securing of information as to what some of 
the factors are that influence the time required 
for starting 

(3) The obtaining of 
factors 


information concerning such 
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ABSTRACT 

ATA regarding the condensation of water on en- 

gine-cylinder walls when running the engine at 
comparatively low temperatures were presented by the 
author in a previous paper to which he refers. These 
experiments showed that no water would be deposited 
when the cylinder-wall temperature exceeded 110 deg. 
fahr. but that the rate of deposition increased in di- 
rect proportion to the drop of temperature below 110 
deg. fahr. 

His present paper describes laboratory tests of an 
engine equipped with a steam cooling-system, the ob- 
ject being to study the effect upon dilution of high 
cylinder-wall temperatures. The results show that a 
sharp reduction in dilution occurs as the boiling tem- 
perature is reached, and that the amount of dilution 
at temperatures of 212 deg. fahr., or more, is much 
less than would have been anticipated from the results 
obtained at temperatures below 212 deg. fahr. The 
author then points out that high cylinder-temperatures 
reduce dilution to a negligible quantity without intro- 
ducing any apparent disadvantages. 

The fact that the elimination of dilution inevitably 
will produce lubrication troubles, due to the higher 
viscosity of oil which will prevail, is emphasized, and 
various methods by which oiling systems can be modi- 
fied so as to approach nearer to the ideal condition are 
suggested. 


EFERRING to data regarding the condensation 
R°= water on cylinder-walls when running an en- 
gine at comparatively low temperatures, the ex- 
periments embodied in my paper entitled Water in 
Crankcase Oils,” showed that no water would be de- 
posited when the cylinder-wall temperature exceeded 
110 deg. fahr. but that the rate of deposition increased 
in direct proportion to the drop of temperature below 
110 deg. fahr. The explanation of this action undoubt- 
edly is that 110 deg. fahr. represented the dew-point 
for the water vapor present for the average conditions 
of pressure existing while the cylinder-walls were ex- 
posed. There is a free field for speculation as to pre- 
cisely when, during the cycle, moisture is deposited. 
Deposition of liquid from a vapor depends, of course, 
upon the temperature and the pressure of the vapor. 
Increasing the pressure encourages deposition, as does 
decreasing the temperature. It is my belief that deposi- 
tion, either of water or of gasoline in an engine, bears 
but little relationship to the gaseous temperatures. We 
are considering action that takes place upon the inner 
surface of the cylinder-wall and the temperature of this 
surface can be regarded as being essentially constant 
throughout the cycle. If this is true, then the only 
variable to be considered is the pressure. It is, there- 
fore, improbable*that deposition will take place during 
the suction stroke. In the case of water there might 
conceivably be some deposition during the firing and the 
exhaust strokes. The volume of gas left in the compres- 





1M.S.A.E.—Chief engineer, gas engine research, Sun Oil Co., 
Philadelphia. 


2See THE JOURNAL, July, 1924, p. 47. 
?See THe JOURNAL, July, 1924, p. 93. 





sion space at the end of the exhaust stroke will be dis- 
tributed through the charge during the suction stroke 
and, during the following compression, the surface layer 
in contact with the cylinder-walls undoubtedly would 
deposit liquid water. 

In the discussion of my previous paper already men- 
tioned, it was apparent that a number of members 
present considered that the rate of oil dilution very 
probably had some connection with the vapor-pressure 
curve for gasolines just as water deposition obviously 
was, in some way, connected with the vapor-pressure 
curve for water. The study of this subject is compli- 
cated by the fact that gasoline is present in the cylinder 
in both liquid and vapor forms and it has never yet been 
decided whether oil dilution is due to condensation on 
the cylinder-walls of gasoline vapor, or whether it is 
due to the direct entry of liquid gasoline into the oil-film. 

If we assume that gasoline is deposited on the cylin- 
der-wall by conversion from vapor into liquid, then it 
is improbable that any such condensation will take place 
during the suction stroke, remembering that the only 
temperature we are considering is that of the cylinder- 
wall. Compression would encourage the deposition of 
liquid gasoline, which means that during the compres- 
sion stroke a large amount of condensation would occur, 
while it is also possible that condensation might take 
place from the unburned portion of the charge during 
the firing and the exhaust strokes. 

At the 1924 Semi-Annual Meeting, Neil MacCoull pre- 
sented an exhaustive research paper on the oil dilution 
appearing under different conditions of operation of a 
truck engine, entitled Engine Oil Consumption and 
Dilution.“ He showed conclusively that, other condi- 
tions being the same, the amount of dilution decreased 
progressively as the water-jacket temperature increased. 
In my experiments on water deposition, the graph ob- 
tained by plotting the rate of deposition against cylin- 
der-wall temperature was a straight line. In MacCoull’s 
experiments on gasoline dilution the graph was a curve, 
showing that each successive increase in cylinder tem- 
perature produced less effect in the reduction of dilution; 
in other words, a study of MacCoull’s results suggested 
that, if dilution could be prevented by raising the cylin- 
der-wall temperature, it would be necessary to go to 
fairly high temperatures to attain those results. 


STEAM COOLING-SYSTEM AND DILUTION STUDY 


The steam cooling-system invented and developed by 
S. W. Rushmore appealed to me as offering an excellent 
opportunity for studying dilution at higher tempera- 
tures. A dynamometer set-up, shown in Fig. 1 was 
therefore arranged, using a 5-ton-truck engine loaned 
for the purpose by the Autocar Co., having a steam-cool- 
ing system laid out by Mr. Rushmore. The engine was 
operated first at various temperatures with conventional 
water cooling, and then at various temperatures with 
steam cooling. Briefly, the results show that dilution 
practically ceases when the jacket temperature is be- 
tween 210 and 220 deg. fahr. 


eS 


,» ,» at za A Gea 


Vol. XVII 


July, 1925 





CYLINDER AND ENGINE LUBRICATION 


This paper is presented as a progress report only, 
and no further apology is made for giving the results of 
only one series of runs. The engine was operated 
throughout at 1000 r.p.m., and 20 hp., approximately 
two-thirds full power for this speed. The carbureter 
was adjusted originally to give maximum power with a 
water-jacket temperature of 150 deg. fahr., and its ad- 
justment was not changed throughout the entire series 
of runs. The oil temperature was maintained at 130 
deg. fahr., and oil from the same drum was used 
throughout. Check runs were made with other oils at a 
jacket temperature of 215 deg. fahr., and the dilution 
obtained checked perfectly with the standard oil. This 
was done to make sure that the observed dilutions did 
not include a characteristic of the lubricant. 

The Autocar truck-engine has ball bearings and is 
splash lubricated. Since the speed and the oil tempera- 
tures were both constant, the amount of oil fed to the 
cylinders was undoubtedly constant also. It is, there- 
fore, interesting to note that the oil consumption in- 
creased with the cylinder-wall temperature, although 
the consumption was, in all cases, fairly low. The con- 
sumption of gasoline per horsepower-hour decreased as 
the cylinder-wall temperature increased. The decrease 
observed in the fuel consumption probably is not as great 
as it would be if carbureter adjustments had been made. 
The manifold was unheated and of a conventional form. 
The air supply also was unheated, being taken in 
throughout at a room temperature of approximately 70 
deg. fahr. 

TEST RESULTS 

Runs were made at the following jacket temperatures: 
100, 150, 200, 212, 222 and 242 deg. fahr. The tempera- 
tures above 212 deg. fahr. were obtained by placing a 
valve in the jacket outlet and maintaining steam pres- 
sure on the jacket. The same spark-advance, the maxi- 
mum, was used throughout and it is interesting to note 
that nothing in the appearance of the engine would have 
enabled an observer to judge the temperature of the 
jackets, the action at 242 deg. fahr. being exactly the 
same as at 140 deg. fahr. I had expected a tendency to de- 
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Fic. 2—AcTUAL OBSERVATIONS MADE DURING TESTS 


The Points Shown Are the Means or Averages of Check Tests at 
the Specified Temperatures. If the Observations Were Correct, 
It Is Obvious That a Sudden Drop of 18 Per Cent in the Amount 
of Dilution at 212 Deg. Fahr. Occurs. The Logical Projection of 
the Water-Cooling Curve Shows Slightly Less than 3 Per Cent, 
While the Actual Observation Was Only a Trifle More Than 2 Per 
Cent. Raising the Temperature above 212 Deg. Fahr. by Applying 
Slight Pressure Increased the Difference between the Observed 
and the Predicted Dilutions. At 238 Deg. Fahr. Mean Jacket- 
Temperature, the Difference Was 22 Per Cent 


tonate at the higher temperatures, but some short runs 
at full power showed that, even with a 242-deg. fahr. 
jacket temperature, full-power operation was free from 
detonation. The tendency to detonate must, of course, be 
slightly increased, but apparently not sufficiently so to 
be a matter of moment, at least with this engine. All 
the runs were of 10-hr. duration and all were made in 
two shifts, part one day and a part the day following. 
This means that the engine was warmed-up from being 
cold, twice during each run. 

The dilutions observed between 100 and 200 deg. fahr., 
when the engine was water cooled, were almost identical 
to those shown by MacCoull for a different kind of truck 
engine. By projecting the curve into higher tempera- 
ture-ranges, the amount of dilution that would occur 
with steam-cooling was predicted; but, contrary to an- 
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ticipation, the dilutions actually observed were in every 
case considerably lower than the predictions. 

The actual observations are shown in Fig. 2. The 
points shown are the means or averages of ‘check tests 
at these temperatures. If the observations were cor- 
rect, it is obvious that a sudden drop of 18 per cent in 
the amount of dilution takes place at 212 deg. fahr. 
The logical projection of the water-cooling curve shows 
slightly less than 3 per cent, while the actual observa- 
tion was only a trifle more than 2 per cent. Raising the 
temperature above 212 deg. fahr., by applying slight 
pressure increased the difference between the observed 
and the predicted dilutions. At 238 deg. fahr. mean 
jacket temperature, the difference was 22 per cent. 


ANALYSIS OF TESTS 


At first I was considerably puzzled by these results, 
and the first step taken was to check the dilutions by 
using different methods. Points originally obtained were 
determined by the Sligh test, using a capillary funnel. 
Later, fractional distillations of the diluent were made 
under vacuum and these showed fuel-contents that were 
practically identical with those of the first observations. 
It was then thought possible that some error had been 
made in the observations of the temperatures, but they 
were mean temperatures taken between the top and bot- 
tom of the cylinder, and there seemed no reason to doubt 
their accuracy. In the case of water cooling, the circu- 
lation was extremely rapid and no tank was used. The 
very close correspondence between the curve for water 
cooling and that obtained by MacCoull is also contribu- 
tory evidence of the probable correctness of the obser- 
vations. 

It then occurred to me that the temperature gradient 
through the cylinder-wall might conceivably increase as 
soon as steam began to form. Data on this subject seem 
to be lacking, but what few could be found indicated 
that the reverse was true, as the rate of heat transfer 
from iron to water increases very much when the water 
begins to boil. Of course, the inner wall of the cylinder 
is always considerably hotter than the outer wall, but 
the difference between jacket and inner-wall tempera- 
tures should decrease when boiling starts. 

A study of Fig. 2 indicates that a steam-jacket tempera- 
ture of 212 deg. fahr. is equivalent to the water-jacket 
temperature of 245 deg. fahr. This I doubt very much. 
No sudden change in the power curve, no sudden change 
in the fuel consumption and no noticeable change in the 
action of the engine were noticed. All these things 
would be expected if the inner-wall temperature of the 
cylinder were suddenly increased as much as 40 deg. 
fahr. Another point also must be considered. If the 
dilution curve for water cooling is projected logically, 
it shows that dilution would not cease until the wall 
temperature became almost as high as the end-point 
of the fuel. This is the case with the curve shown in 
Fig 2, and also with MacCoull’s curves. 

Seeing that the deposition of water in the oil-film 
ceases at 110 deg. fahr., it seems highly improbable that 
a temperature close to the end-point would be necessary 
to stop the deposition of gasoline. Since gasoline is 
a mixture of a great variety of substances, it is conceiv- 
able that the dilution curve would not be smooth but 
would have critical points in it. Carrying the tempera- 
tures still higher might conceivably produce another sud- 
den drop in the rate of dilution. Experiments are now 
being made with high-temperature oil-cooling to see 
whether the same sudden change between 200 and 212 
deg. fahr. will be observed. It is hoped also to carry 


the temperatures very much higher by oil cooling, not 
with the idea that anything is to be gained by going 
much above the boiling point, but simply with the ob- 
ject of exploring the higher ranges of temperature. It 
is perhaps worth remarking that the action of the engine 
when boiling with the ordinary water-cooling system is 
totally different from its action with a steam-cooling 
system, indicating beyond any doubt that hot-spots de- 
velop when an attempt is made to feed boiling water 
with a centrifugal pump, but that no indication what- 
ever of hot-spots is noticed when the boiling water is 
fed positively. 
CHECK TESTS 


It is usually assumed that dilution is more rapid 
under low-throttle operation and, if this were true, it 
would be evidence against the theory that most dilution 
is due to deposition from the vapor state. To investigate 
this point, a check run was made by idling the engine 
at 250 r.p.m., the lowest speed at which it would idle. 
The jacket temperature was maintained at 212 deg. 
fahr., but it was not possible to keep the oil at the 
standard temperature of 130 deg. fahr. used for the other 
runs. The dilution was approximately double that found 
under two-thirds full-power operation; but, by referring 
to MacCoull’s data on the influence of oil temperature, 
this increase in dilution is entirely accounted for. It 
is also certain that, under idling conditions, the temper- 
ature of the inner surface of the cylinder-wall is lower, 
even though the jacket temperature be the same. 

It is interesting to note that the actual dilution shown 
by 7 hr. of idling with the oil at 90 deg. fahr. was only 
3 per cent. Another point worth noting is that piston- 
head temperatures apparently have very little to do 
with dilution except by the indirect method of oil tem- 
perature, which is dependent more upon piston-head tem- 
peratures than upon the temperature of any other part 
of the engine. 

It may logically be asked, if dilution is controlled 
principally by cylinder-wall temperature, why should the 
temperature of the oil exercise any influence? Un- 
doubtedly, some dilution is due to direct leakage past the 
pistons during the compression and the firing strokes. 
Such leakage probably is reduced by high cylinder-tem- 
perature, but not entirely prevented. The amount of 
any fuel vapors that actually reach the crankcase, which 
will condense in the oil, will be controlled mainly by the 
temperature of the oil. 


EFFECTS OF DILUTION 


The automotive industry has decided that oil dilution is 
an evil and that it ought to be eliminated. Undoubtedly 
the danger of dilution has been considerably exagger- 
ated but, in general terms, its elimination is desirable. 
All methods of curing dilution after it has taken place 
involve strong heating of the oil, and this is not really 
desirable, as it inevitably encourages oxidation. Still 
another objection exists to overcoming dilution by a sup- 
plementary device. It is desired to eliminate dilution 
so that the viscosity of the lubricant be maintained, and 
no place is more important for its maintenance than the 
cylinder-walls; therefore, if dilution is overcome by re- 
moving it after it has taken place, then dilution of the 
working oil-film in the cylinder has not been affected. 
By restraining the deposition of gasoline, in other words, 
by preventing the disease instead of having it to cure, 
we can be assured of plenty of viscosity in the cylinder. 

Stated differently, a diluent-eliminating device can as- 
sure viscosity of the oil fed to the bearings, but exer- 
cises no control upon the viscosity of the lubricant in 
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the cylinders. On the other hand, the maintenance of a 
high cylinder-wall temperature actually prevents the 
occurrence of dilution and, therefore, protects both cyl- 
inders and bearings. 

A very important point, which so far seems to have 
been generally overlooked, is that lubrication, in one ex- 
tremely important phase, will be interfered with very 
seriously by eliminating dilution. Cold-room and cold- 
weather testing have shown that oil-flow is extremely 
sluggish with cold oil. This was brought out very thor- 
oughly in an article by Frank Jardine, entitled 
Scuffed Pistons Result from Cold Jacket and Lack of 
Oil‘. His investigations were started to discover just 
why aluminum-alloy pistons were liable to “freeze” un- 
der fairly light loads at low temperatures. He dem- 
onstrated conclusively that it was due to nothing but 
the absence of oil. The importance of this work does 
not appear to have been properly realized. The correct 
way to look at this research is to think of the alloy 
piston as being simply an indicator that would show 
when lubrication was absent. Under the same condi- 
tions, with pistons of other material, precisely the same 
lack of oil and, consequently, excessively rapid wear of 
piston-rings and cylinders would occur. This the alu- 
minum piston indicates at the time; whereas, the iron 
piston does not. 

At present, it is not an overstatement to say that 
nearly all automobiles used in extremely cold weather 
are protected by dilution. If dilution is really elimi- 
nated without any modification of the lubrication system, 
an epidemic of mechanical failure will come with the 
first winter. Of course, this condition can be overcome 
by the use of a lubricant for winter work so light that 
its viscosity is the same as the present oils have with 
the normal amount of dilution; but, assuming that the 
object of eliminating dilution is to maintain viscosity, 
then changing to a lighter lubricant would be utterly 
ridiculous. The fact is that the conventional lubrica- 
ting systems are faulty, fundamentally, in that they 
function properly only over a too narrow temperature 
range. What the pistons, the cylinders and the bearings 
require is a constant volume of oil per revolution, irre- 
spective of viscosity. 





*See Automotive Industries, July 31, 1924, p. 242. 


POSSIBILITIES OF LESS DEPENDENCE UPON VISCOSITY 


Many different ways exist in which the oil system can 
be modified to render the volume of oil delivered much 
less dependent upon viscosity. MacCoull has suggested, 
for pressure systems, the substitution for the release 
valve of a fixed orifice with a metering-pin adjustment. 
This would go a very long way toward the desired end. 
Pomeroy has published a scheme whereby an additional 
release valve, opening only under high pressure, will dis- 
charge jets of oil directly into each cylinder. Jardine has 
shown methods of constructing connecting-rod bearings 
which will permit an adequate discharge of very high- 
viscosity oil. An investigation of this problem would be 
of great benefit, even if nothing is done to restrain dilu- 
tion, but, with the elimination of dilution, something of 
the kind becomes absolutely essential. 

Another idea worthy of consideration is to do away 
with the necessity for using oils of different viscosities 
in the summer and in the winter. From all points of 
view, it is desirable that the operating temperature of 
an engine should be unaffected by atmospheric conditions. 
In this respect steam-cooling is particularly attractive, 
because the cylinder-block comes-up to temperature with 
great rapidity and its temperature is completely un- 
affected by atmospheric temperature; but the job is only 
half done if oil temperatures are left to take care of 
themselves, and means should be provided not. only for 
assuring a supply of oil at the very instant of starting, 
but for raising the temperature of the main body of the 
oil as rapidly as possible. Rushmore has shown that 
this can be done very expeditiously and by very simple 
means, either by hot-water jacketing the oil-pan, or by 
circulating boiling water through a coil within the oil- 
pan. 

Still assuming that, in eliminating dilution, we are 
aiming at the perfectly proper ideal of a constant vis- 
cosity for the lubricant, oil heating at the start is 
entirely logical. The precise temperature at which we 
should endeavor to hold the oil depends upon the oil it- 
self and upon the desired viscosity. From the commer- 
cial point of view attention is called to the fact that, 
when .dealing with boiling water and a material of low 
specific-heat like oil, a fairly small heating unit has a 
powerful effect. 


EMIGRATION OF SKILLED LABOR FROM GREAT BRITAIN 


LARGE proportion of British emigrants gravitate 

toward the United States. The British Colonies do not 
welcome unskilled and ordinary workmen, but prefer indi- 
viduals with some means and a genuine ambition, those who 
will contribute positively to colonial development. Great 
Britain, on the other hand, desires to retain the skilled and 
ambitious men for her own industries. Complaints are heard 
from some industries that they cannot carry on because of 
the lack of skilled workmen who have left the country. 

The total number of British subjects leaving permanent 
residences in the United Kingdom to take up permanent resi- 
dence in non-European countries numbered 256,284 in 1923, 
a considerable increase from the total of 176,096 in 1922, 
but not equal to the total of 389,394 in 1913. In 1923 the 
departures for permanent residence in the United States 
numbered 93,076. In the skilled trades the number of de- 
partures increased in all classes, but the most noticeable 
proportional increase was in the metal and engineering 
group. The United States was the leading destination in 
1923 for all classes except agriculture. Of the 52,533 skilled 


workers departing in 1923, 28,827 came to the United States. 
Undoubtedly the increase would have been greater had it 
not been for the restrictions imposed by the American Immi- 
gration Law. One of the main reasons for the exodus of 
skilled workers is the disturbed and unsettled industrial 
situation, particularly in the engineering and building trades, 
coupled with an exceptionally high proportion of unemploy- 
ment. 

Study of the composition of the streams of emigrants 
shows that over 50 per cent of them are young men and 
women between the ages of 18 and 30. In many skilled 
trades this is the age of transition from apprenticeship to 
regular skilled technician, and a decrease at this time in 
apprentices will mean a shortage of skilled labor when the 
industries are finally on their feet and operating at their 
capacity. Attempts will be made to encourage emigration 
to relieve unemployment, but at the same time some efforts 
will be made to equalize the cost of living and wages to 
encourage skilled labor to remain in Great Britain.—T. R. 
Wilson, Department of Commerce. 
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ABSTRACT 


ISCORDANT sounds from transmission gears can 

be avoided by using gear-tooth ratios that give 
pleasing combinations of tones; a 5:6 ratio produces a 
minor third note; a 4:5 ratio, a major third; a 2:3 ratio, 
a perfect fifth and a 2:1 ratio, an octave. Careful 
attention to selection of relative tooth-numbers, there- 
fore, will aid greatly in the production of quiet or un- 
objectionable transmissions. 

Careful design and accuracy in the production of 
gears will not, alone, insure quiet operation; the shafts 
must be sufficiently rigid to hold the gears in proper 
operating position and large flat surfaces in transmis- 
sion cases, which act as sound amplifiers, should be 
avoided. Bearings may also be noisy through faults 
of their own or because of improper mounting and 
alignment. Too much lubricant in the transmission 
case may be another cause of noise; the practice of 
filling the case full does more harm than good, although 
the large quantity of oil may serve to absorb the vibra- 
tions of the case. Sufficient space should be left for the 
excess oil to be squeezed out from between the gear 
teeth readily, as heat generated by forcing the oil out 
suddenly raises the temperature in the transmission 
case to a dangerous degree if the faces of the gears are 
wide, as in motor trucks. 

Four characteristic sounds are produced by the gears. 
One is an intermittent clicking or irregular growl 
caused by poor spacing or irregular profiles of the 
teeth; another is a pulsating growl caused by eccen- 
tricity; a third is a high-pitched squeal due to rough 
tooth-surfaces and a fourth is a tone that depends on 
the pitch of the teeth and speed of the gears. The 
remedy for the first three is accuracy in tooth genera- 
tion and better workmanship; that for the fourth is to 
select a gear ratio that will produce a musical note. 

Some sound is inevitable when power is transmitted 
through gears; the search for some modification of 
tooth profile that will obviate the need for accuracy 
has been fruitless and probably always will be, as the 
spacing between the teeth must be nearly perfect to 
insure quiet running. A solution of the noise problem 
that may be satisfactory today may not be satisfactory 
next year; other parts of the automobile have been 
made quieter and as a result the sounds from the trans- 
mission, which were not noticeable before, have become 
objectionable. Three courses are open to remedy the 
noisiness; (a) eliminate the gears, (b) reduce the 
amount of noise produced by them and (c) change the 
quality of the sounds so that they will not be annoying. 


OISE is relative rather than absolute. It may be 
N defined as an unpleasant or objectional sound. 

This is certainly its definition as applied to trans- 
missions. A solution of this noise problem that may be 
satisfactory today will not necessarily be a satisfactory 
solution next year. Other parts of an automobile have 
been made quieter than before. As a result, sounds from 
a transmission that had been unnoticeable before are 
objectionable today. Although we probably shall 
have this problem of noise with us always, it should be 
worth while to consider the probable sources of trans- 
mission noise. The gears are notorious offenders and 
bear the largest part of the blame. To reduce the noise 





1M.S.A.E.—Engineer, Niles, Bement, Pond Co., Hartford, Conn. 





of gears, three courses are open. First, eliminate them. 
If this does not seem possible, the second step might be 
to reduce the volume of sound produced by them. A third 
step would be to change the quality of the sound pro- 
duced from an unpleasant one to an unnoticeable one, 
if possible. 

Only one method of reducing the amount of sound 
produced by gears exists. That is by accuracy and 
smoothness of profile. Design may help some, but this 
design must be coupled with high-class workmanship to 
secure results. The search has been made for many 
years, and still continues, for some form of modifica- 
tion of tooth profiles that will obviate the need of ex- 
treme accuracy. This search has been fruitless in the 
past and probably always will be so. If such a modified 
form were discovered, it would probably also be found 
that this modification must be as accurately formed, and 
the spacing of the teeth as nearly perfect, as other forms 
must be to secure quiet running, while the difficulties 
of control probably would be far greater. 


CHARACTERISTIC SOUNDS AND THEIR CAUSES 


Four general characteristic sounds are produced by 
gears. One is an intermittent clicking or irregular 
growl caused by poor spacing or irregularly formed pro- 
files of the gear teeth. Another is a pulsating growl or 
run-out sound caused by eccentricity of the gears. The 
third is a high-pitched squeal caused by rough tooth sur- 
faces. The remedy for all these three is accuracy of 
design and better workmanship. 

The fourth sound is a tone that depends upon the 
pitch and speed of the gears. For example, if a pair 
of gears is run at such a speed that 435 teeth come 
into contact every second, a tone corresponding to middle 
A on the piano will result. If a coarser pitch is sub- 
stituted, the tone will be lower. If a finer pitch is used, 
the tone will be higher. If the speed of the original pair 
is increased, the tone will also be higher, and when the 
speed is reduced the tone is lower. This change in tone 
is very noticeable when a car is accelerated in low or 
second gear. 

These tones in transmissions become apparent when 
driving in gear. When clutched in high speed, any 
gears that are engaged are idling and seldom make suf- 
ficient sound to be objectionable. Oftentimes the low or 
second-speed gears are blamed for noise when it is the 
constant-drive pair that is at fault, because the sound 
is apparent only when these other gears are engaged. 
A little attention to the pitch of the tone will soon make 
it apparent which gears are at fault. If the objectional 
tone is practically the same with either low or second- 
speed gear engaged, the constant-mesh gears are pro- 
ducing the noise. If the objectional tone is lower 
with the low-speed gear, then this gear is at fault. 


GEAR RATIOS THAT GIVE HARMONIOUS SOUNDS 


When driving in gear, two pairs are engaged. This 
gives a double tone that may be harmonious or dis- 
cordant, depending upon the ratio between the numbers 
of teeth on the gears of the countershaft. These gears 
revolve together, and the number of meshes or tooth- 
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engagements per unit of time depends entirely upon the 
tooth-numbers of these gears. The following ratios give 
pleasing combinations of sound or tones: 

5:6 minor third 

4:5 major third 

2:3 perfect fifth 

2:1 octave 

By keeping the numbers of teeth of the gears on the 
countershaft to these ratios, we can avoid certain un- 
pleasant tones. For example, if the constant-mesh gear 
has 30 teeth and the second-speed gear has 25 teeth, the 
combined tone will be a minor third, as the ratio is 5:6. 
If the second-speed gear has 24 teeth, the combined tone 
will be a major third. If the low-speed gear has 15 
teeth, the combined tone will be an octave, and so on. 
Careful attention to the selection of relative tooth-num- 
bers will prove of much aid toward the production of 
quiet transmissions. 

Care in the design of the gears and accuracy in pro- 
duction will not, alone, insure a quiet transmission. The 
shafts that carry these gears must have sufficient 
rigidity to hold them in their proper operating positions, 
else the benefits of good gears may be entirely lost. In 
general, transmission design in this particular lies very 
clese to the trouble point, where it has not actually over- 
stepped it. 

GEAR CASE MAY BE AN AMPLIFIER 


Some sound is inevitable when power is transmitted 
through gears. The volume of this sound may be small, 
yet the shape and size of the transmission case may be 
such that much more sound will be heard outside of the 
case than originally started from the inside. One of the 
easiest things to accomplish is to make an effective loud- 
speaker out of a transmission case. Large flat surfaces, 
although the easiest to draw, should be avoided. It would 
be money well spent to experiment with the shape of 
the case, after the other features of design had been 
completed, to see what could be accomplished in muffling 
the sounds inside by changes in the shape. Such changes 
in shape will affect both the volume and the quality of 
the sounds transmitted. 
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In addition to their own sins, transmission cases some- 
times confess the faults of other units, acting as a sound- 
ing-box for vibrations transmitted to them by the pro- 
peller-shaft from the rear axle. Gear teeth form a 
loose connection that is véry favorable to the transfer 
of vibration into sound. This sound, amplified by the 
transmission case, often produces a result that is 
objectionable. 

All moving parts are potential sources of noise. This 
fact would bring the bearings under suspicion. Bearings 
may be noisy either because of faults of their own or 
because of external conditions, such as improper mount- 
ing or alignment, that do not give them a fair chance. 
In addition, the submerged lubrication with which these 
bearings usually must run seldom assists them to attain 
their best operation. 


EXCESS LUBRICATION CAUSES HEATING 


Another factor that enters into this problem is that 
of lubrication. So far as lubrication alone is involved, 
the conventional method of filling the transmission case 
with oil gives entirely too much. In general, gears suf- 
fer more from too much lubrication than from too little. 
On the other hand, this large quantity of oil may tend 
to act as a soft-pedal on the vibrations of the case itself 
and thus serve one useful purpose. Only the fact that 
the faces of the gears are narrow prevents this practice 
from doing more harm than good. If the width of the 
faces is doubled or tripled the heat generated by forcing 
this oil out suddenly from between the meshing teeth 
will soon raise the temperature of the oil to a dangerous 
degree. Some such troubles are experienced in truck 
drives in which the gear faces are wide. Sufficient space 
should be left in the case for the excess oil to get out of 
the way readily, else, in addition to an increased temper- 
ature-rise, further troublesome noises will be very 
present. 

It is not claimed that the foregoing discussion ex- 
hausts all of the probable sources of noise in the trans- 
mission case. When the noises from these sources have 
been eliminated we may have the time and experience 
to deal with the other noises. 





COOPERATIVE AGRICULTURAL MARKETING 


YHILE much improved efficiency in production is still 

possible, the farmers have made and are making con- 
stant progress in this respect. The problems that press 
hardest upon the farmer today are concerned with the mar- 
keting of his products at a price that will enable him to live 
and to go on producing. He must find some way to restore 
the proper relationship between the prices he receives for his 
products and the prices he pays for other commodities. 

The devotee of the laissez faire philosophy insists that in 
process of time, under the operation of economic laws alone, 
this relationship will be restored. Perhanvs he is right. The 
report of the Secretary of Agriculture for 1923 states that 
in that year 10 per cent of the farms in Michigan alone 
were abandoned and 13 per cent more were partially worked. 
Indeed, I think I may safely say that there is not an agri- 
cultural State in the Country in which there are not at the 
present time fallow fields. As things stand, the tendency 
will continue until farm production falls so low that a real 


scarcity of farm products will exist and farm prices will 
rise to an even higher level than would be desirable. 

The farmer must organize for the purpose of marketing 
his products. Cooperative farm-marketing associations are 
no longer an experiment. In Denmark and Holland they 
have existed longest and perhaps have achieved their greatest 
success. In California the fruit growers for many years 
have been successfully marketing their product through 
cooperative associations. More recently the cotton growers 
of the South and the tobacco growers of America have made 
substantial progress. Innumerable other instances can be 
cited. Wherever cooperatives have been employed, there you 
will find agriculture in its best estate. In those communities 
the farms are better improved and are kept in a higher state 
of cultivation and repair. An air of thrift and prosperity 
is likely to abound, a better community spirit has evolved, 
the farm has more nearly approached the ideal requirements 
of a home.—F rank O. Lowden. 
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ABSTRACT 


—s object of the paper is to contribute some new 
and fundamental concepts to the mechanics of 
machinery. The scope is limited to the subject of 
brakes, which was found to have been somewhat 
neglected in the past. To make the paper self-con- 
tained, some well-established laws on sliding friction 
are given as groundwork. Attention is called to facts 
that have been ignored in some textbooks because of 
apparent insignificance, although they are of vital 
importance in the special subject of brake design. 

An analysis of the force relations for simple block- 
brakes is given first, with the intention to make clear 
that the equations so far available for designers are 
not sufficiently accurate for brakes such as are used 
on modern motor-vehicles and railroad coaches. 

Attention is called to the fact that the wear on 
brake liners is not necessarily an indication of high 
pressures, but more accurately is a function of the 
geometric relation between the shoe and the drum. 
It is acknowledged that for flexible liners the center 
of pressure is nearly in that horizontal axis where the 
wear is maximum, but it is proved that after the liner 
is glazed high local-pressures are very likely to occur 
momentarily where the wear is very small. Attention 
is called also to some difficulties encountered in ad- 
justing brakes as well as in manufacturing them. 

Formulas are given for the study of the self-ener- 
gizing characteristics of brakes. These should be very 
helpful in connection with four-wheel-brake designs, 
because it was recognized very early that with doub- 
ling the number of brakeshoes very high foot-pressures 
were required to obtain satisfactory retardation. 

An empirical rule frequently used for determining 
roughly the are of contact is discussed but is found 
insufficient for modern, more exacting requirements. 
Instead, a new graphical method is given. This new 
method is based on an analysis of the pressures and 
is formulated so that high pressures with their accom- 
panying evils are avoided. Adherence to the method 
given leads to the more modern brake-design with 
multiple shoes. In the analytical work, limiting condi- 
tions are extensively discussed. These mathematical 
discussions serve as groundwork for the recommended 
graphical method. Some advantages of brakes with 
three shoes are given. One of these is the large arc of 
contact that can be obtained. 

An effort is made to prove that squeaking, chatter- 
ing and grabbing are not necessarily a result of a 
variation in the coefficient of friction. Diagrams are 
given to show that pressures are just as likely as the 
coefficient of friction to cause this trouble. In modern 
designs, a high friction-coefficient is desired, and means 
are provided to keep it constant; therefore, even pres- 
sure-distribution is stated to be important. 

In conclusion, the railroad type of brake is discussed. 
It is pointed out that pressures cannot accumulate in 
it as in other types; therefore, this type is recom- 
mended for applications where chattering is likely to 
be pronounced because of the existence of backlash 
and where great mechanical advantage is of lesser 
importance. 





1M.S.A.E.—Research manager, Society of Automotive Engineers, 
Inc., New York City. 


2See THE JOURNAL, November, 1923, p. 395. 


fore the Society and printed in THE JOURNAL or 

other publications are instructive and numerous. 
I am fully aware that an addition to this wealth of liter- 
ature is not needed unless something of special interest 
can be revealed. It is hoped that this paper will meet 
this requirement. 

It is impossible to expound with mathematical exact- 
ness all the factors of fundamental importance in brake 
design within the limits of one paper. For this reason, 
it is a relief to be able to refer to other papers such as 
one entitled Some Notes on Brake Design and Construc- 
tion, by H. M. Crane.’ In this paper, Mr. Crane discusses 
eight important factors and points out that good brakes 
can be obtained only if adequate attention is given to all 
these factors. The following treatise is a special study 
of the contact conditions, and therefore deals mainly with 
factors affecting smoothness, quietness and durability of 
brakes. 


: RTICLES on brake design that have been read be- 


FACTORS AFFECTING BRAKE QUALITIES 


In most previous calculations, the pressure between the 
liner and the drum has been assumed to be distributed 
equally over all the liner area, or taken as proportional 
to the small amount of “give” in the liner. These as- 
sumptions are only approximately correct if no relative 
motion takes place between the liner and the drum, and 
are incorrect for all the desirable conditions of braking, 
namely, when the braking wheels keep rolling while the 
brakeshoes or band remain fixed. To overcome this de- 
ficiency, a new analysis is given of the forces created by 
relative motion which cause wrapping of the brakeshoes 
and, consequently, uneven pressure-distribution. 

It is generally conceded that brake squeaking, chatter- 
ing, grabbing and seizure of the drum are caused by high 
local-pressures. Hence, the following intimate study of 
contact conditions and pressure distribution should help 
to cure these evils. The members of the Society are in- 
terested in the development of scientific methods that will 
help to make design and experimental work not only more 
efficient, but also more interesting. It is hoped that the 
mathematical analysis and graphic representation given 
in this paper will emancipate designers from guesswork. 


LAWS OF SLIDING FRICTION ON UNLUBRICATED SURFACES 


Fig. 1 represents a body of weight P resting on a hori- 
zontal plane A-B. This body, if firmly supported, will be 
in equilibrium. To obtain sliding, we must apply a hori- 
zontal force or some other force yielding a horizontal 
component of sufficient magnitude to overcome friction. 
If the specific pressure between the two bodies is fairly 
low and the surfaces are smooth and not lubricated, the 
force T, required to maintain a constant sliding motion, 
is a simple function of the pressure P and the coefficient 
of friction f. Under the stipulated conditions, it is gen- 
erally found that the magnitude of T is determined by 

7’ = Pf (1) 

The direction and the point of application of this force 

of friction that opposes relative motion of two surfaces 
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are determined by that tangent which the two surfaces 
have in common. If a force, F, is applied anywhere else 
on the body, let us say through the center of gravity as 
is often the case in textbook examples, we must bear in 
mind that such a force alone cannot balance the force T. 
It may do so apparently, because of the stability of the 
body; but, in reality, the force F causes tilting through 
a couple of moment, Fh. Particular attention is called 
to this relatively obvious and simple fact because it has 
been ignored or overlooked in all but the most elemen- 
tary brake-pressure calculations of the past. 

In passing, it may be remarked that the angle ¢, shown 
in Fig. 1, is known as the angle of repose. It is deter- 
mined by tan ¢ = T'/P and, inasmuch as T = Pf, it fol- 
lows that tan ¢ = Pf/P or f = tan ¢. Hence, the co- 
efficient of friction is equal to the tangent of the angle 
of repose. 





Fig. 1—SLIDING FRICTION ON UNLUBRICATED 
SURFACES 
A Body of Weight P Rests on the Horizontal Plane 
A B and Is in Equilibrium. To Obtain Sliding, a 
Force Yielding a Horizontal Component of Sufficient 
Magnitude To Overcome Friction Must Be Applied. 
If the Specific Pressure between the Two Bodies Is 
Fairly Low and the Surfaces Are Smooth and 
Not Lubricated, the Force 7, Required To Maintain 
a Constant Sliding Motion, Is a Simple Function of 


the Pressure P and the Coefficient of Friction f. 


Under the Stipulated Conditions, It Is Generally 

Found That the Magnitude of T Is Determined by 

the Equation T=P f. The Angle ¢@ Is Known As 
the Angle of Repose 


FORCE RELATIONS IN SIMPLE BLOCK-BRAKES 


To facilitate a thorough understanding of the follow- 
ing analysis, it is deemed necessary to present here a 
simple derivation of the formulas that are given in some 
textbooks for the calculation of forces obtaining in the 
operation of simple block-brakes. 

In Fig. 2, the lever A rests on a drum B, which is 
mounted so that it can rotate about its center. The con- 
tact between A and B is shown to be similar to that of a 
pair of gears. Although gears may not have much in 
common with brakes, the example is given because, as 
will be made clear later, knowledge of gearing will help 
us to solve a rather involved problem. 

If in this simple mechanism a force, P, is applied to 
the lever A, we must have a reaction, P,, acting normally 
to the two surfaces in contact. As the drum can rotate 
then, according to equation (1), the reaction P, necessi- 
tates a frictional force of magnitude P,f, which is shown 
as acting in a line coinciding with the common tangent 
of the two surfaces in contact. The inclination of these 
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Fic. 2—SIMPLE, 


BLocK-BRAKE 
The Lever A Rests on a Drum, B, Which Is Mounted So That It 


OPERATING-FORCES 


Can Rotate about Its Center. The Contact Between A and B Is 
Shown To Be Similar to That of a Pair of Gears. If a Force P 
Is Applied to the Lever A, There Must Be a Reaction P Acting 
Normally to the Two Surfaces in Contact. According to Equation 
(1), the Reaction P,; Necessitates a Fractional Force of Magnitude 
P, f, Which Is Shown Acting in a Line That Coincides with the 
Common Tangent of the Two Surfaces in Contact. The Inclination 
of These Surfaces Is Taken as Equal to the Angle of Repose, ¢; 
Therefore, a Balanced Condition Is Necessary When Taking 
Moments About Any Point 


surfaces has been taken as equal to the angle of repose ?. 
We must, therefore, have a balanced condition when tak- 
ing moments about any point. For instance, let us ex- 
amine the forces acting on drum B. First, we have P, 
tending to rotate drum B counterclockwise, its lever arm 
being r sin ¢; second, we have the friction force P,f tend- 
ing to rotate the drum in the opposite direction, acting 
on a lever arm of length r cos %. Because of the existing 
balance, we must have P,r sin ¢ = P, fr cos ¢; from 
which it follows that sin ¢ = f cos ¢ or f = tan % This 
entirely conforms with our definition of frictional re- 
sistance. 

It is well known that the coefficient of friction de- 
creases somewhat with increasing relative velocity and 
temperature. Moreover, the smoothness and hardness of 
the surfaces and the presence of small and sometimes 





Fic. 3—BRAKE FOR HOLDING IN BALANCE A TORQUE TRANSMITTED 
THROUGH THE BRAKE DRUM 
The Force P Causes a Reaction P;, Acting Normally to the Surfaces 


in Contact. The Maximum Torque That Can Be Checked Is 
Determined by the Frictional Force P, f and the Radius r of the 
Drum. It Is, for a Balanced Condition of Motion, Q=Pifr 
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even large amounts of water, ice, dirt, oil and abraded 
material all have a very decided effect on the coefficient 
of friction. This variation in the magnitude of the fric- 
tion coefficient is usually looked upon as the main cause 
of squeaking and chattering brakes. Numerous and sys- 
tematic experiments have proved that this theory is not 
correct for the majority of cases. For this reason, it is 
undertaken herein to prove that high pressures which 
are the result of poor design are a decided but easily 
avoidable cause of the evil. This inspires hope, even 
though it requires a change in design. This is easier 
than trying to circumvent the laws of friction. 

Pursuing our analysis, we note from Fig. 3 that, in 
the case of a brake where the object to be accomplished 
is to hold in balance a torque, Q, transmitted through the 
brake drum, we have a somewhat different system of 
forces. As before, the force P causes a reaction, P,, act- 
ing normally to the surfaces in contact. The maximum 
torque that can be checked is determined by the fric- 
tional force P,f and the radius of the drum r. It is, for a 
balanced condition of motion, 








Fic. 4—A PRIMITIVE EXTERNAL BRAKE WITH ONE BRAKESHOE 


Instead of a Liner and As Exemplified at 8S, a Great Number of 
Springs Are Imagined As Being Interposed between the Drum and 


the Shoe. If the Lever or Shoe A, upon the Application of the 
Load P, Is Rotated about C an Amount Determined by the Angle 
a, it Is Obvious That Point EF, of the Brakeshoe Will Come To 
Coincide with Point H of the Brake Drum. A Spring Located in 
a Radial Line Intersecting Points HZ and EH, Would Be Compressed 
an Amount EE». Similarly, Point A, of the Brakeshoe, Being 
Rotated about C through the Same Angle ao, Would Advance to 
Position A, Which, Due to Constraint at the Point #, Cannot Come 
into Contact with the Drum. A Spring Located in a Radial Line 
That Intersects A and Az Would Be Compressed an Amount AAz. 
It is Evident that AA, Is Smaller Than HE, Hence, If Something 
Perfectly Elastic, Like a Spring, Is Interposed between the Shoe 
and the Drum, the Pressure at A Will Be Proportionately Less 
than That at #. At the Same Time, the Distances AA, and EE; 
Also Represent Wear. The Relation Holds Good Only If Some- 
thing Perfectly Flexible Is Interposed between the Shoe and the 
Drum, and Becomes Invalid If Other Than Radial Forces Exist 


Q = P.fr (2) 

We must now realize that the brake is to some extent 

self-wrapping for counterclockwise motion of the drum, 

for the simple reason that the frictional force imparts a 

clockwise-acting couple upon the lever A, which assists 

the force P. Hence, when taking the moments of all the 

forces acting on the lever A with reference to the ful- 

crum of the lever, we obtain for counterclockwise motion 
of the drum the equation: 

Pa = P,b—P,fe 

= P, (b— fe) (3) 

Hence, the load P necessary to check a torque, Q, is P 

P, (6b — fe) /a. Inasmuch as P, Q/fr, we have, after 


substitution, 
P= Q (b—fc)/fra (4) 
For clockwise rotation, our equation of balance reads 
Pa = P,b + P.fe (5) 
Hence, P P, (b+ fe)/a and, after substitution for 


P., we obtain 
P=Q (6 + fe)/fra (6) 
WEAR AND PRESSURE DISTRIBUTION 

It is commonly thought that, in a brake, a definite re- 
lation exists between pressure and wear, as is the case 
in gears, levers and cams. I have observed, many times, 
when brakeshoes were examined, that the interested 
parties have noted uneven wear and therefore concluded 
that in the middle of the shoe, where the wear is maxi- 
mum, the pressure also must be highest. This reasoning 
is likely to be misleading. We shall prove later that much 
higher pressures may occur at the ends than at the mid- 
dle of a liner. 

To make this point somewhat clearer, let us study 
Fig. 4, which illustrates a primitive external brake with 
one brakeshoe. Instead of a liner, we imagine a great 
number of springs interposed between drum and shoe, as 
exemplified at S. If the lever or shoe A, upon application 
of the load P, is rotated about C an amount determined 
by the angle a, then it is obvious that point E, of the 
brakeshoe will come to coincide with point E of the brake 
drum. A spring located in a radial line intersecting 
points EF and E, would be compressed an amount EE,, 
Similarly, point A, of the brakeshoe, being rotated about 
C through the same angle «, would advance to position 
A, which, however, due to constraint at the point E,, can- 
not come into contact with the drum. A spring located 
in a radial line that intersects A and A, would be com- 
pressed an amount AA,. From the drawing, it is evident 
that AA, is smaller than EE,; hence, if something per- 
fectly elastic, like springs, is interposed between the shoe 
and the drum, the pressure at A will be proportionately 
less than that at E. At the same time, the distances AA, 
and EE, also represent wear. This relation, however, 
does not permit of drawing any general conclusion with 
regard to pressure distribution, because the relation holds 
good only if something perfectly flexible is interposed 
between the shoe and the drum, and no manufacturer 
claims any such characteristic for commercial brake- 
lining. Further, the relation becomes invalid if other 
than radial forces exist. 

We know, of course, that tangential forces are induced 
by the radial forces, otherwise we wou!d have no braking 
at all. Particular attention is called to this matter be- 
cause a very interesting method of brake calculation has 
been published recently, aiming at simplicity by giving a 
virtual center of pressure on the brakeshoe. The method 
is reproduced herein in Fig. 5, with greatest respect for 
its author but with a modest desire to call attention to its 
shortcomings. The method is based on the reasoning 
explained in connection with Fig. 4; namely, that the 
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forces on a brake liner and drum are a simple function 
of the compression of a perfectly flexible liner. Then 
these individual forces AA, to EE, are used to design 
with the aid of the rules of graphical statics a polygon 
of forces which yields the resulting force P. 

It must be reiterated that the method given applies 
only, first, when the liner is perfectly elastic; that is, 
the quotient of the compressive stress divided by the com- 
pressive strain must be constant, which is stated in the 
article; and, second, when no relative motion takes place 
between the liner and the drum, which is not stated. 


WEAR CURVES FOR STUDYING ADJUSTMENT 


To illustrate clearly the geometric relation between 
wear on brake liners and the distance of the wearing- 
point from the fulcrum and its angular position relative 





Fig. 5—MeETHOD AIMING AT SIMPLICITY BY GIVING A VIRTUAL 
CENTER OF PRESSURE ON THE BRAKESHOE 
Tangential Forces Are Induced by the Radial Forces; Otherwise 


No Braking Would Be Possible. Particular Attention Is Called to 
This Matter Because the Method Illustrated in This Figure Has 
Shortcomings. It Is Based on the Reasoning Explained for Fig. 4, 
That the Forces on a Brake Liner and Drum Are a Simple Func- 
tion of the Compression of a Perfectly Flexible Liner. These 
Individual Forces AA» to EE, Are Then Used To Design a Polygon 
of Forces Which Yields the Resulting Force P. his Method Ap- 
plies Only When the Liner Is Perfectly Elastic: That Is, the 
Quotient of the Compressive Stress Divided by the Compressive 
Strain Must Be Constant, Which Is Stated in the Description of 
This Method; or When No Relative Motion Takes Place between 
the Liner and the Drum, Which Is Not Stated in the Description 
of the Method 


to the drum, we have designed Figs. 6 and 7 by following 
the procedure described in connection with Fig. 4. These 
wear curves serve some very important purposes. For 
instance, we note from Fig. 7 that the distance ab is just 
twice as large as the distance cd. From this it follows 
that a brake liner which gives a full contact cannot give 
a constant clearance all around the drum in a released 
position. It is important that this be borne in mind in 
connection with the adjustment, for which the mechanic 
usually employs a “feeler.” For close adjustment it is 
desirable to work with two feelers, one, let us say, of 
0.010 in., for the ends, and the other of about 0.020 in., 
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Fic. 6—GEOMETRIC RELATIONS 
Designed According to the Procedure Described for Fig. 4 


, This 
Drawing Illustrates the Geometric Relations between the Wear on 


Brake Liners and the Distance of the Wearing Point from the 
Fulcrum and Its Angular Position Relative to the Drum 


for the center; the correct size depends, of course, upon 
the individual layout. Because of this condition it is, 
moreover, essential to maintain the distance K very ac- 
curately. This is usually not easy, because the pivot for 
the shoes is mounted in the brake support, while the 
drum is mounted on the wheel. Such dimensions are 
hard to hold, and therefore will vary often a few 
thousandths plus or minus. Both kinds of inaccuracy, to- 
gether with hard liners, will, according to the figures, 
permit contact only at the ends. 


EMPIRICAL RULE FOR DETERMINING ARC OF CONTACT 


It has been known for a long time that, if the arc of 
contact of brakeshoes is extended too far around the 
circumference of the brake drum, the brakes are likely 
to be “grabby.” Because of this, a rule has been widely 
accepted which stipulates that the liner be limited to arcs 
of contact not exceeding a certain angle, «, which is de- 
termined by two parallel horizontal lines A-A and B-B 
drawn through the center of the pivot for the shoes and 
through the cam or the like where the load is applied, as 
illustrated in Fig. 8. It was realized, of course, that, 
when relative motion takes place, the shoes have a 
tendency, similar to that of a band or a snubber, to wrap 
themselves tighter with the application of the load. To 
avoid such grabbing, some designers have for a long 
time sought to avoid the self-energizing characteristics 
of brakes altogether, by reducing the arc of contact to 
less than 90 deg. 

With four-wheel brakes, we naturally desire double the 








Fic. 
A Similar Design to That of Fig. 6. 


7—FURTHER GEOMETRIC RELATIONS 


These Wear Curves Serve 
Some Very Important Purposes. For Instance, in This Drawing, 
the Distance ab Is Exactly Twice the Distance cd. From This It 
Follows That a Brake Liner Which Gives a Full Contact Cannot 
Give a Constant Clearance All Around the Drum in a Released 
Position. It Is Important That This Be Borne in Mind in Con- 
nection with the Adjustment, for Which the Mechanic Usually 
Employs a “Feeler”’ 
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retardation that is available with two-wheel brakes; but, 
if other things are the same, this cannot be obtained un- 
less the pedal pressure as well is doubled. This fact has 
aroused considerable interest abroad in servo mechan- 
isms. In this Country, where simplicity is considered one 
of the greatest virtues of any design, serious attempts 
have been made to utilize the self-energizing characteris- 
tic of brakes: first, by setting the anchor for band brakes 
unsymmetrically; second, by making the arc of contact 
of the shoes larger than is dictated by such empirical 
rules as those mentioned above; and third, by adding 
auxiliary shoes. It is hardly necessary to state here how 
successful designers have been in these efforts and what 
new difficulties with squeaking, grunting, chattering and 
grabbing have been encountered. Suffice it to say that 
very little is known about the magnitude and the varia- 
tion of the forces encountered when brakes are designed 
to be self-energizing to a considerable extent. 

Since four-wheel brakes have become accepted prac- 
tice, the internal-expanding brakes have found wider ap- 
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Fic. 8 
If the Arc of Contact of Brakeshoes Is Extended Too Far around 
the Circumference of the Brake Drum, the Brakes Are Likely To 





LIMITATION OF BRAKESHOE CONTACT 


Be “Grabby.”’ 3ecause of This, a Rule Has Been Widely Accepted 
Which Stipulates That the Liner Be Limited to Arcs of Contact 
Not Exceeding a Certain Angle a Which Is Determined by Two 
Parallel Lines AA and BB Drawn through the Center of the Pivot 
for the Shoes and through the Cam or the Like Where the Load 
Is Applied 
plication. The main reasons for this are: first, the neces- 
sary addition of two more brake drums made room for 
more internal shoes; second, internal shoes, when room 
for them is available, are chosen in preference to external 
shoes because it is easier to arrange them so that dirt, 
water and ice can be kept out; and third, drums can be 
provided with cooling ribs, a most desirable adjunct from 
the standpoint of heat control as well as that of rigidity. 
Low temperatures help to keep the coefficient of friction 
constant, and rigid drums assure smoother brake opera- 
tion for otherwise correctly designed brakes. 
Incidentally, internal brakes also lend themselves very 
well to the application of the self-energizing principle, 
without having to resort to bands that leave much to be 
desired with respect to rigidity. For this reason, we 
shall analyze the pressure distribution in this type of 
brake first. 





No. 1 


Throughout the investigation we shall, unless other- 
wise stated, neglect the elasticity of the brake liner. 
This is certainly permissible; for, if we take as an exam- 
ple a cast-iron liner, we know that its modulus of elas- 
ticity is about 13,000,000 or 14,000,000. If we consider 
further that the specific liner-pressure of a well-designed 
brake should certainly not exceed 50 lb. per sq. in., it is 
then obvious that, for a thickness of 3/16 in., the yield 
cannot exceed 50 x 3/16 divided by 14,000,000, which is 
less than one millionth of an inch. For ordinary bonded- 
asbestos liners, this yield may or may not be 1000 times 
as much, depending upon whether the liner is new or 
glazed, but it certainly cannot exceed 0.001 in. very 
much, which is negligible in consideration of other errors 
we must accept. 


ANALYTICAL ANALYSIS OF BRAKE SQUEAKING AND 
CHATTERING 


To derive an equation that can be used to determine 
the pressure at any point between the brakeshoe or the 
brake liner and the drum, for any load applied to the shoe 
through customary means, such as a cam or a lever, I 
have shown in Fig. 9 a brake drum with an elementary 
brake shoe. This brake shoe is pivotally mounted at C, 
is pressed against the drum by a known force P and 
makes contact with the drum at the point A. With the 
drum at rest, it is obvious that the pressure P, at A is 
determined by Pa = P.b; hence, P, = Pa/b. The pres- 
sure P., of course, must be normal to the surfaces in con- 
tact; if the drum is round, the pressure is directed 
toward the center of the latter. If we attempt to rotate 
the drum, we must overcome frictional resistance which 
on the drum acts opposite the direction of rotation. The 
reaction of this resistance must be imparted to the shoe. 
It is indicated in Fig. 9 as P,f. Therefore, if a brake 
torque is transmitted through the drum while the latter 
is moving relatively to the brakeshoes in a clockwise 
direction, we must have for a balanced condition the fol- 
lowing equation: 

Pa = P,b —P.fe 

From this it follows that, for a lead P applied at the 
shoe, the maximum normal pressure P at A is for the 
stipulated condition: 

P, = Pa/(b— fc) (7) 

From equation (7) it is at once clear that, when fe = 
b, the normal pressure P, becomes infinite; which means 
that the brake is self-locking. Moreover, from fe = b 
follows f = b/c; and from Fig. 9 we observe that b/c = 
tan «; hence, the brake will lock if tan « = f, or if « 
is equal to the angle of repose. This condition of self- 
locking represents a limiting condition such as we en- 
counter in the elementary case of friction in connection 
with Fig. 1. It is obvious that the small are of the drum 
which is in contact with the shoe at A can be considered 
as a flat surface such as A-B in Fig. 1; while the shoe 
represents a heavy body of weight P, resting on this 
surface. Of course, if P, in either case could become 
infinite, no sliding, but either a yield or a crack would 
occur, a condition in which we are not interested in this 
connection, for to deal with out-of-round brake-drums is 
difficult in practice, as well as in theory. In view of this, 
it is hardly necessary to say that all the cases for which 
b — fe becomes negative will not be discussed here. 

To sum up this analysis, we can now state with fair 
degree of accuracy that, if any contact takes place over 
that arc of the brake drum which is subtended by the 
angle 8, something very undesirable will happen. By 8 
we understand the supplement to that angle for which 
b — fe becomes either zero or negative. If contact takes 
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BRAKE DRUM WITH AN ELEMENTARY BRAKESHOE 

The Brakeshoe Is Pivotally Mounted at C, Is Pressed Against the 
Drum by a Known Force P and Makes Contact with the Drum at 
the Point A. With the Drum at Rest, It Is Obvious That the 


Pressure P,; at A Is Determined by Pa = P;b and Hence, P; = Pa/b. 

The Pressure P,; Must Be Normal to the Surfaces in Contact. If 

the Drum Is Round, the Pressure Is Directed toward the Center 

of the Latter. If an Attempt Is Made To Rotate the Drum, Fric- 

tional Resistance Which on the Drum Acts Opposite the Direction 

of Rotation Must Be Overcome. The Reaction of This Resistance 
Must Be Imparted to the Shoe. It Is Indicated as Pif 


place at the arc subtended by 8, either the drum will 
bulge out or the shoe will deflect. As soon as this hap- 
pens, the pressure diminishes. Now, inasmuch as both 
the shoe and the drum are made of materials that have a 
fairly high elastic-limit, it is easy to see that the deflec- 
tions will cause stresses in both these members. These 
elastic stresses, cooperating with the cumulative pres- 
sures P., which occur every time contact is made at any 
point along the arc subtended by 8, will cause quick 
changes from stress to pressure which, under certain cir- 
cumstances, will bring about periodic vibrations of vari- 
ous frequencies in both the shoe and the drum. If the 
frequency of these periodic vibrations is very high, we 
have a shriek. As the frequency is likely to change for 
various reasons, mainly, however, because of varying 
rigidity, we are likely to have any tune from high C toa 
dull grunt. Moreover, if the rigidity leaves much to be 
desired, the frequencies are likely to be lower than those 
that constitute the musical scale, in which case we have 
the phenomenon usually known as brake chatter. If the 
members under consideration are of insufficient rigidity, 
a condition we are likely to have in some hand-brakes, the 
frequency becomes zero and we have the phenomenon 
known as grabbing. 

In this connection, it should be mentioned that rigidity 
cannot be expected to be a universal remedy. While it 
will help to control some evils, it is obvious that the best 
brake mechanism cannot be made so rigid as to resist 
forces without deflecting. We are likely to encounter in- 
termittent forces sufficiently to lock the wheels if the 
minimum angle 8 is not carefully determined and any 


contact prevented from taking place at the arc subtended 
by 8. 


EFFECT OF MATERIAL ON BRAKE SQUEAKING AND CHAT- 
TERING 


It was intimated in the foregoing test that the fre- 
quency increases with increasing rigidity. To this I may 


add that the same thing is true with regard to the 
modulus of elasticity; namely, the greater the modulus 
is, the higher the frequency becomes. This reasoning 
has been borne out by experience. As a particularly 
noteworthy example, a brake designed and experimented 
with recently comes to my mind. In this case the brake- 
shoes and drums were made of aluminum. Both mem- 
bers were designed for greatest rigidity. In practice, 
these brakes gave at first slight indications of grabbing. 
The designer, fully aware of the self-energizing charac- 
teristic, had about 1 in. of liner removed from the dan- 
gerous part of the shoe which has now been discussed at 
sufficient length. Thereafter, the brake was very good 
from every point of view. 

It is somewhat unfortunate that aluminum drums, at 
present at least, have to be lined with cast iron to keep 
them from wearing too fast. In other respects, aluminum 
can be highly recommended for various reasons; first, be- 
cause of its high heat-conductivity and, second, from the 
point of view of smooth brake-action, due to the fact that 
the modulus of elasticity of aluminum is only a little 
more than one-third of that of steel. Consequently, the 
elastic forces that are responsible for the periodic vibra- 
tions of shoes and drum are only of about one-third the 
magnitude of those we would encounter in the case of 
steel shoes and drums. Therefore, under the worst con- 
ditions, the intensity of the noise can be only one-third 
as much for aluminum, perhaps making the noise so faint 
that it becomes inaudible. Similarly, of course, cast- 





Fie. 10—MaximumM BRAKING SURFACE 


For Long Life and Great Durability in Hard Service, Such as 

Motorcoach Service, as Much Braking Surface as the Design Per- 

mits Is Imperative. After Properly Placing Two Brakeshoes, This 

Drawing Shows That Sufficient Space for a Third Brakeshoe Is 

Still Available, So That Nearly All of the Circumference of the 
Brake Drum Can Be Covered with Lining 
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steel or cast-iron drums are likely to be, but are not 
necessarily, quieter than rolled-steel drums. 
Reverting to equations (3) and (7), which were based 





Fic. 11—MULTIPLE-SHOE BRAKE-DESIGN 
This Design Was Made with the Object of _Utiliz- 
ing to the Utmost the Self-Energizing Feature 
Obtainable with Three-Shoe Construction, and To 
Secure Great Durability 


on Fig. 9, we must observe further that the condition 
b — fe = 0 is likely to occur if contact is carried very 
near to the pivot C. All that has been said before for 
infinitely large values of P, applies, of course, wherever 
this condition is encountered. Of some interest is the 
fact that, if the direction of rotation is reversed, the 
likelihood of self-locking of the shoe as so far considered 
is very remote. The frictional force P,f then counter- 
acts the applied load P, and infinitely large forces cannot 
be obtained except in cases that do not come within the 
realm of practical applications. The difference in pres- 
sures for counterclockwise and clockwise rotation was 
given in equations (3) and (5) respectively. 

If the brakeshoes are arranged symmetrically, what 
has been said for the brakeshoe shown in Fig. 9 for 
clockwise rotation of the drum applies to the other shoe 
for counterclockwise rotation, and vice versa. 


RECOMMENDED GRAPHICAL METHOD FOR DETERMINING 
ARC OF CONTACT 


So far, our discussion has been purely analytical; and 
because it was convenient we have taken as the limiting 
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Fic. 12—ANOTHER MULTIPLE-BRAKESHOE DESIGN 


This Design Is Intended To Obtain the Smoothest Operation and To 
Secure Great Durability 


condition those points where P, becomes infinite. How- 
ever, inasmuch as some designers are very much more 
easily impressed by graphic representations, I have given 
in Fig. 10 a general application of our equations (3) and 
(5). The load P applied to the shoe has been taken as 
250 lb. This and the dimensions are given for those who 
wish to check the curves in detail; otherwise, the gen- 
eral character of the pressure curves is the only thing 
that need be studied. The magnitudes of the pressures 
calculated for various points of the circumference have 
been plotted from the circumference of the drum. 

It will be observed that the pressure curve obtained 
for the self-energizing shoe very strongly deflects radially 
outward to infinity, beyond points A and B. These two 
points can be taken as very conservative limiting points 
of the are of contact. Included between them is an angle 
of about 100 deg. Therefore, if shoes are designed to 
bring the liner into the position indicated, we can be 
certain that no trouble will be encountered from the 
standpoint of smoothness and quietness, while any 
further sacrifice of liner would be poor practice from 
every point of view. If, however, the liner is placed 
symmetrically with respect to a horizontal line through 
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Fic. 13—-APPROXIMATE PRESSURE-DISTRIBUTION IN THREEB-SHOE 
BRAKE-DESIGNS 


The Actuating Pressure Is Applied Primarily to Two Shoes Only, 
through Any Convenient Means, by the Forces P. For the Assumed 
Clockwise Rotation, the Left Primary Shoe Is Self-Wrapping and 
Is Called the Primary Wrapping Shoe. The Right Primary Shoe 
Is the Primary Unwrapping Shoe. The Remaining Secondary or 
Servo Shoe Is Applied by the Retarding Force Derived from the 
Primary Wrapping Shoe. About 315 Deg. of the Arc of Contact 
Is Utilized without Encountering Greater Pressures than Those in 
Fig. 10 for 240 Deg. of Arc of Contact with Two Brakeshoes 


the drum center, as is common practice, even smaller 
angles may lead to difficulties. But, to assure low specific- 
pressures and proper heat-dissipation, in order that the 
wear and consequently the need for adjustment and re- 
placement shall be reduced to the minimum, it is most 
desirable to provide as much area of lining as possible. 
For this reason, the following recommendation, which is 
based on Fig. 10, is made. 

From the center of the pivot for the brakeshoes, draw 
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a line including an angle of 30 deg. with the vertical 
center-line. The point at which this line intersects the 
brake drum, namely, A,, is the desirable limit for contact 
at the free end of the shoe. Then, through the center of 
the brakeshoe pivot, draw another line perpendicular to 
the former; that point at which this intersects the drum, 
namely, B,, is the desirable limit for contact at the hinge 
end of the shoe. 

The total arc of contact so obtained is very nearly 120 
deg., if the pivot is, as it should be, as near the circum- 
ference of the drum as possible. An internal brake so 
designed will give satisfactory braking. 


MULTIPLE-SHOE BRAKES 


As previously stated, to assure long life and great dura- 
bility in the hardest of service, such as is encountered in 
motorcoach work, it is imperative that as much braking 
surface as the design permits be employed. By observ- 
ing Fig. 10 carefully, we note that our analysis is par- 
ticularly helpful in meeting this requirement. For in- 


stance, we see that, after properly placing two shoes, 
So, nearly all the 


sufficient room is left for a third one. 


Fic. 14—PRESSURES FOR AN EXTERNAL-SHOE BRAKE OF GIVEN 


DIMENSIONS 
For Clockwise Rotation, It Is Evident That the Liner of the Left 
Shoe Should Not Be Extended Farther on the Upper End Than to 
Within 20 Deg. of the Pivot. With the Right Shoe, for the Same 
Rotation, Pressures Approaching Infinity Are Encountered at the 
Lower End 45 Deg. before Reaching the Vertical Center-Line. For 
Reasons of Symmetry, It Is Therefore Not Advisable To Provide 
for This Type of Brake an Arc he Contact in Excess of 115 Deg. 

per Liner 


circumference of the brake-drum can be covered with 
lining. 

Some recently developed designs serve to show not only 
the interest that is taken in multiple-shoe brakes but 


*See The Motor, April 21, 1925, p. 511. 





No. 1 
DESIGN 71 


help to prove the practicability and the soundness of our 
conclusions. The interesting designs shown in Figs. 11 
and 12 are taken from an article on brakes in an English 
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Fic. 15—TyPe oF BRAKB SUITABLE FOR MOUNTING GN 
THE TRANSMISSION 
The Principles Illustrated Show This To Be the Type 
Almost Universally Used for Railroad Purposes 


periodical’. The first, which is the better known, has 
been made with the object of utilizing to the utmost the 
self-energizing feature obtainable with three-shoe con- 
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Fic. 16—ANALYSIS OF PRESSURES FOR THE TYPE OF BRAKE SHOWN 
IN Fic. 15 
An Elementary Brakeshoe, A, Is Pivoted at C and a Force, P, Is 
Applied through the Pivot. If the Drum Does Not Rotate, the 
Force P Is Counteracted by the Pressures P, and Ps Which Are 
of Equal Magnitude when the Shoe Is Symmetrical Relative to the 
Vertical Axis and the Contact Points Are Two in Number, Located 
at Equal Arcs Apart from the Vertical. But If the Drum Rotates, 
the ictional Forces P;f and P2:f Appear; Then, Because of the 
Wrapping, the Pressure P;, Will Be Larger than the Pressure P, 
Hence, There Are Two Unknown Quantities, P; and Ps, Instead of 
One Unknown Quantity As Before, and It Becomes Necessary To 
Find Two Equations Relating to the Balanced Condition 








Vol. XVII 








72 THE JOURNAL OF THE 
struction, while the second is intended to obtain the 
smoothest operation. Both, however, will give the great- 
est durability. It is a pleasing coincidence that these de- 
signs come almost simultaneously with this analysis, for 
practical applications are always far more convincing to 
American designers than is a whole series of analyses. 

The approximate pressure-distribution as it obtains in 
three-shoe designs is illustrated in Fig. 13. In this we 
notice that the actuating pressure is applied primarily 
to two shoes only through any convenient means, as indi- 
cated through forces P. For the assumed rotation, 
namely, clockwise, we know that the left primary-shoe is 
self-wrapping; hence, we call it primary wrapping-shoe, 
while the right primary shoe may be called primary un- 
wrapping-shoe. 

The remaining shoe, called here the secondary or servo 
shoe, is applied by the retarding force derived from the 
primary wrapping-shoe. While no great accuracy is 
claimed for Fig. 13, it will serve to show that about 315 
deg. of the are of contact is utilized without encounter- 
ing greater pressures than we had in Fig. 10 for 240 
deg. with two shoes. We must call attention to the fact 
that the diagram is drawn for the case wherein forward 
motion is to be checked. For reverse motion, the condi- 
tion is that the two primary-shoes reverse, while the 
secondary or servo shoe is rather ineffective. This dif- 
ference in brake effectiveness for a reversal of motion is 








Fic. 17—BRAKE-LINER PRESSURES 
Large Loads Must Be Applied To Obtain a Satisfactory Retarding 


Force on the Type of Brake Illustrated in Fig. 16. Liner Pressures 
for an Applied Load of P = 500 Lb. Are Shown 


most likely not so pronounced in the design shown in 
Fig. 12, although a noticeable difference does exist un- 
less the number of shoes is materially enlarged. 

In Fig. 14 are shown the pressures for an external-shoe 
brake of the given dimension. It will be evident at once 
that, for clockwise rotation, the liner of the left shoe 
should not be extended farther on the upper end than to 
within 20 deg. of the pivot. With the right shoe, for the 
same rotation, pressures approaching infinity are en- 
countered at the lower end 45 deg. before the vertical 
center-line. For reasons of symmetry it is therefore not 
advisable to provide for this type of brake an arc of 
contact in excess of 115 deg. per liner. In the light of 
what has been said, we can draw the conclusion that the 
external-shoe brake leaves much to be desired, which in 
part accounts for the fact that it is not by any means as 
popular as the external-band brake. Study of the latter, 
as well as of the internal-band type of brake, is omitted, 
because the subject of pressure distribution on band- 
brakes is very similar to that of a rope or belt on a pulley. 
Every good book on machine elements gives a sufficient 
account of this phase. 
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THE RAILROAD TYPE OF BRAKE 


The types of brake so far considered represent in 
principle the brake designs most used on front and on 
rear wheels of motor vehicles. Frequently, when it is de- 
sired that the brake be mounted somewhere on the trans- 
mission, a type of brake is employed, the principle of 
which is illustrated in Fig. 15. Every engineer recog- 
nizes in this the brake which is almost universally used 
for railroad purposes. 

For an analysis of the pressures pertaining to this 
type of brake, we resort to the skeleton sketch shown in 
Fig. 16. We notice there an elementary brakeshoe, A, 
that is supposed to be pivoted at C and the force P is ap- 
plied to the shoe through the pivot. If the drum does not 
rotate, force P is counteracted by pressures P, and P,, 
which are of equal magnitude when the shoe is symmetri- 
cal relative to the vertical axis and the contact points 
are two in number, located at equal arcs apart from the 
vertical. If, however, the drum rotates, we have the 
frictional forces P,f and P,f. We notice at once that, 
because of the wrapping, the pressure P, will be larger 
than P,, which complicates the problem to the extent that 
we have the two unknown quantities, P, and P.,, instead 
of one unknown quantity as formerly. For this reason, 
we have to find two equations relating to the balanced 
condition. Obviously, the sum of all the vertical forces 
must be equal to the applied force P. With this in mind, 
we obtain: 

P=P,cosa+P,f sin a+ P, cos a 
which, after factoring P, and P., reads: 
P =P, (cos a+ f sin a) + P, (cos a—f sina) (8) 

Further, the sum of all the horizontal components must 
be zero, for otherwise the brakeshoe would not remain in 
a position symmetrical with respect to the vertical center- 


— P,f sin a 


line. Then, because of this condition, we have: 
P, sin a—P,f cos « = P: sin « + P,f cos a 
This can also be written: 
P, (sin « —f cosa) = P; (sina + f cos a) (9) 


To avoid a complicated appearance for a simple equa- 
tion, we will make a few designations: 


cosa +fsina—=m 
Cos a —fsina — @¢ 
sin a — f cos a= 8 


sina+fecosa=—t 
With these simplifications, we obtain from equation (8) 


P= Pm + Pa (10) 
and, from equation (9) 

P.s = Pt 
or, 

P= Pitls (11) 


After substituting the latter expression for P, in equa- 
tion (10), we obtain: 
P = P; (tm/s + q) 
or, 
P, = Ps/(tm + qs) (12) 
Then, when substituting the latter value for P, in 
equation (11), it follows that: 
P, = Pt/(tm + qs) (13) 
While the foregoing equations are entirely sufficient 
for determining the pressure distribution over the brake- 
shoe, they appear incomplete because the diameter r of 
the brake drum does not appear in either one. To make 
up this deficiency, we shall take moments of all the forces 
about the fulcrum C of the brakeshoe. For this purpose, 
we note from Fig. 16 that forces P, and P, act on a 
radius of length a sin «, while the tangential forces P, f 
and P, f act on lever arms of length a cos « — *. Further, 
we notice that P, a cos « represents the moment of the 
only clockwise couple, while the sum of the moments of 
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the three remaining counterclockwise couples are ex- 
pressed by 
P.a sina + (P,f + P.f) (a cos a—r) 
The force couples so far enumerated do not constitute 
a balance, so that their algebraic sum could be taken equal 
to zero. Instead, this algebraic sum is equal to the brake 
torque. This we can understand if we consider the lay- 
out to constitute a system of friction gearing whereby 
the drum represents the external gear and the brakeshoe 
the internal gear. The ratio is 1 to 1; hence, the torque 
imparted to the brakeshoe is equal to that transmitted 
by the brake drum. Now, we need only reassure our- 
selves of the fact that a force couple can be balanced by 
any other arbitrary force couple of equal magnitude, pro- 
vided this acts in the same plane. These stipulations 
suffice to justify the statement that all the forces acting 
on the brakeshoe impart to this a turning-moment equal 
to the brake torque Q and, inasmuch as Q = P, fr P, 
fr, we have 
P,a sin a — P,a sin a — (P,f + P2f) (a cos a—r) = 
(Pi + P.) fr 
This equation can be simplified to read 
(P,—P,) tan a = (P, + P:) f (14) 
Now, for the condition that f — tan «, we obtain 
P,—P,=— P,+ P: (15) 
and, inasmuch as, for the given rotation of the drum, P, 





must be larger than P,, it follows that equation (15) can 
be satisfied only if P, == O. 

From this it follows that, for a coefficient of friction 
equal to 0.5, half of the brakeshoe becomes entirely in- 
active if the arc of contact extends over less than 27 deg. 
on either side of the vertical axis. The force P, and, 
therefore, P, f, cannot, however, become infinite because, 
if the sum of the vertical components exceeds the magni- 
tude of P, the shoe will separate from the drum. Be- 
cause of this characteristic, this type of brake is not so 
likely to chatter as are the types previously discussed. 
On the other hand, large loads must be applied to obtain 
a satisfactory retarding force. This fact may be ob- 
served from Fig. 17, which represents the liner pressures 
for an applied load of P = 500 lb. 

For this reason, the railroad type of brake has found 
wide use and can be recommended very highly as a 
transmission brake where the question of maximum 
leverage is not as important as freedom from chatter. It 
is further noted from Fig. 17 that, on the side of the 
shoe to the left of the vertical axis, the pressures are 
very much higher than on the other side of the shoe. 
This results in excessive one-sided wear unless the brake 
is used to an equal extent to check motion in both direc- 
tions. This, of course, is the case in a railroad car. I 
have found that, in truck brake-tests that were conducted 


on a hill, the liners invariably were destroyed at the en- 
tering side. 





DYNAMICS OF VEHICLE SPRING-SUSPENSION 


(Concluded frem p. 51) 


of any greater force applied to it will move only the body 
and not the spring; it is, therefore, necessary to draw a 
new body-acceleration line, at the same slant as the first 
one, from the height 0.0100 ft. on the ordinate base-line. 
Also, the body already has an upward velocity of 0.0004 
ft., so the upward velocity to be added at this time is 
0.0313 ft. minus 0.0004 ft., or 0.0309 ft. Setting the 
dividers to this value, we find it intercepts both main 
lines at a force of 149 lb.; also that the body rise is 
0.0014 ft. and the spring deflection 0.0285 ft. 

Proceeding to the third increment, the road rise is 
0.0520 ft. The body velocity at the beginning’ of this 
increment is the sum of that gained in the two previous 
increments or 0.0018 ft. (see line G of Table 1), leaving 
0.0502 ft. as the amount of rise that must be taken care 
of in this third increment. By this time the spring is 
deflected 0.0399 ft. from the initial position and, drawing 
a new body-force line at this point on the ordinate base, 
we find that the 0.0502 net road-rise yields a force of 
325 lb., 0.0029 body rise, and 0.0473 further spring-de- 
flection. Repeating this process, as indicated in the 
table, gives the values for the fourth increment. These 
are plotted as the line of the x spring in Fig. 10. 

Now that the illustration has given an example of the 
method to be followed, a few special conditions may be 
discussed. The drawing at the left of Fig. 24 shows the 
curve to be used when the value of P, the linear com- 
ponent of rise of road profile, corresponds to a greater 
force than that which the spring has already reached, 
resulting in still further deflection of the springs. The 
central drawing shows the method when the road dis- 
placement is minus, or such as to decrease the spring 
compression. In this case, the body-force line is drawn 
to intersect the starting point because the spring can 
yield to any reduction in stress upon it whatsoever, it 





being assumed in this case that no friction is present. 
The drawing at the right shows the method to be used 
when the road displacement is in a direction to compress 
the spring further but of so small a value that it will not 
generate an acceleration force equal to that under which 
the spring is already stressed, that is, P is less than Q. 
In all this computation the spring stress and deflection 
are assumed as starting from zero at the normal stand- 
ing-position under stationary load. The body-force line 
is drawn through the starting point and the intercept is 
measured between the starting point and the ordinate 
base line. 

Figs. 25 and 26 show the application of this method 
of computation to the first and second 2 ft. of forward 
travel, respectively, of the curve of the x spring under 
Fig. 15. Table 2 will make the process clear and illus- 
trate practically all the contingencies that are encoun- 
tered in this type of computation. Examination of the 
values in the table will show that any increase of the 
body velocities of the first part of the travel, that corre- 
sponding to the downward-acceleration part of the road 
profile, will materially increase the forces experienced on 
the second part, where the road profile changes to down- 
ward deceleration. This increase of velocity in the first 
part of the road profile may reach a large total value 
without a very great force at any time, if the entering 
part of the dip is long, say 4 or 5 ft., and, though not 
shown under such conditions, 50 or 75 lb. of friction in 
the spring can very greatly increase the velocity and 
greatly increase the force developed when the downward- 
deceleration part of the dip is reached. 

A similar condition obtains coming out of the dip. 
Spring friction at this point can very greatly increase 
the force at the point where the road profile changes 
from upward acceleration to upward deceleration. 
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ABSTRACT 


OO efforts have been made to apply the inter- 
nal-combustion engine to self-propelled rail-cars. 
The greatest development along this line prior to the 
war was in connection with the McKeen and General 
Electric cars that were built from 1906 to 1914. The 
builders of those cars were greatly handicapped by the 
lack of available experience in connection with the de- 
sign of gasoline engines, particularly of the larger 
type. Since the war a gradual development of rail- 
cars has taken place, starting with small converted 
motor trucks and gradually increasing in size and 
adaptability to the service, until now gasoline-electric 
cars of 250 hp. and about 75 ft. in length are available, 
while mechanically driven cars are available up to 190 
continuous horsepower. 

Each of the various drives that have been proposed, 
including hydraulic, electric and mechanical, has vari- 
ous advantages, but it seems probable at the present 
time that the gasoline-electric system will be used gen- 
erally in cars of extremely large size, while the straight 
mechanical drive will be preferable for cars up to about 
200 hp. The advantages and disadvantages of the dif- 
ferent types of drive are given and the service condi- 
tions and design requirements to be met by rail-car 
construction are listed in this paper. The gasoline 
rail-car must be designed for utmost reliability, dura- 
bility and simplicity of operation and maintenance. 
The powerplant and transmission design and the work 
characteristics of the largest present mechanically- 
driven rail-car are described and its operating costs as 
compared with those of light steam trains are given. 
Cars of this type fill a distinct economic field between 
the highway motorcoach and the steam locomotive and 
train. A limited potential market for the sale of about 
230 to 250 cars per year exists. 


RACTICALLY coincident with the development of 
the first successful automobiles, various pioneers 
studied the application of the gasoline engine, as 
a prime mover, to railroad equipment. These applica- 
tions took various forms but did not reach commercial 
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Fic. 


1—TyYPicaL LARGER GASOLINE-ELECTRIC 

PRESENT Day 
It Is 60 Ft. Long, Weighs About 80,000 Lb. and the Powerplant Is 
a 250-Hp. Six-Cylinder Engine That Operates at 1100 R.P.M. The 
Driving-Current Generator Is Designed To Give a Substantially 
Constant Output and Adjusts Itself Automatically to Demand of the 
Driving Motors, Holding the Engine at Approximately Constant 
Speed. The Operator Merely Opens the Throttle and the Generator 
Delivers the Combination of Voltage and Amperage Required for 
the Particular Running Condition 


RAIL-CAR OF THB 


stages until the development of the McKeen mechanical- 
drive car and the General Electric Co.’s_ electric- 
drive car during the period from 1906 to 1910. About 
100 of each of these cars were built from that time until 
they were discontinued about 1914. These early cars 
were handicapped decidedly by the limited experience 
that was then available as applying to the design of 
gasoline engines, especially in the extremely large sizes 
that were thought necessary for railroad use. The me- 
chanical-drive car was limited further by the lack of 
history in connection with change-gear transmissions 
and by the lack of experience that is now available cov- 
ering the manufacture, heat-treatment and use of alloy- 
steels. Following the discontinuance of the building of 
these cars and during the war, very few self-propelled 
rail-cars of any kind were built. 


TRANSITION FROM MOoTOR-TRUCK TYPE CAR 


Immediately following the war, a number of railroads 
purchased, for very light service, motor-truck chassis 
that were adapted more or less carefully to operate on 
rails. While these cars operated very dependably and 
economically, their limitations as to capacity, comfort 
and speed prevented their general adoption. They did, 
however, create the demand for self-propelled rail-cars 
combining the modern high-duty automotive type of in- 
ternal-combustion engine with the typical light-weight 
car as developed originally for the street-car industry, 
and this demand was hastened by the losses to the rail- 
roads of passenger-service revenue, particularly on 
branch lines. The cost of passenger-service operation at 
that time was more than 100 per cent above the pre-war 
level, while fares had been increased only slightly. More- 
over, the revenue was being reduced constantly by loss 
of traffic to the private automobile and the motorcoach, 
and many roads were forced by State or interstate au- 
thorities to continue service on lines on which it was 
impossible to operate steam equipment without a loss. 
It was natural, therefore, in view of the economy shown 
by the converted motor trucks, that the railroads should 
turn to the self-propelled car for relief. When the de- 
mand for such equipment first developed, however, no 
suitable engines larger than the heavy-duty motor-truck 
engines were available; marine engines of large size 
were being built, but these did not suit the service. 

The first step in the present development was the 
building of rail-cars of more or less typical design em- 
bodying the largest proved motor-truck engines with 
the lightest design of car body, axles, wheels, trucks and 
transmitting mechanism that could be used with safety. 
Starting with a limited power, it was, of course, very 
necessary to hold the complete weight of the car within 
the lowest possible limit. The first car of this type was 
equipped with a 70-hp. engine; it was 42 ft. long, 
weighed 30,000 lb. and was capable of operating at a 
continuous speed of from 35 to 40 m.p.h. The car was 
carried on two four-wheel trucks, the four wheels of 
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Fic. 2—-ENGINE, TRANSMISSION AND DRIVING TRUCK OF LARGEST MECHANICAL-DRIVE RAIL-CAR 
The Engine Is Located at the Extreme Front of the Car and Drives Through a Special Clutch, Special Transmission and 
[wo Propeller-Shafts to the Two Axles of the Truck. The Transmission Provides Five Speed-Ratios, the Drive in’ Each 
of the Top Three Being through a Single Pair of Gears and Equally Efficient, so the Car Can Be Driven Indefinitely in 
Third, Fourth or Fifth Ratio 


the front truck taking the drive. Meantime, steps were over periods. Engines must operate without excessive 
taken to develop engines especially suited to this ser- noise or vibration and must have sufficient power to 
vice, so that now cars of typical appearance, carried on maintain the usual steam-train schedules. 

two four-wheel pivotal trucks, are available in various The requirements of design in the approximate order 
sizes up to the maximum length of about 75 ft. per- of importance are: 

missible on the railroads and having engines develop- 
ing up to about 250 hp. at the continuous operating 
speeds. 


SERVICE CONDITIONS AND DESIGN REQUIREMENTS 


Conditions that must be met by this type of equip- 
ment are: The car will be operated by steam engineers. 
It is not even possible for the railroads to select the 
operator; the oldest locomotive engineer can demand the 
assignment, regardless of his knowledge of automotive 
equipment or, his lack of it. The branch lines on which 





Fic. 3—LARGEST PRESENT-TYPE MECHANICAL-DRIVE 
Its TRAILER 

: . Hy ia sada ar 3976 , ; ‘ The Motor Car is 55 Ft. Long, Weighs 53,000 Lb. and Is Driven by 

this equipment is needed are usually without adequate 21. 2ine Developing 150 Hx, at 1000 RPM. and 190 Hp ae 130% 

shop facilities; the track is usually in very bad condi- R.P.M. 


RAIL-CAR AND 


The Trailer Is 50 Ft. Long and Weighs 43,000 Lb. 
tion and grades are often very heavy. The railroads 


generally do not have personnel familiar with automotive (1) Absolute reliability 

equipment, and in some cases minor officials and train- (2) Long life 

men are opposed to the substitution of a new type of (3) Accessibility 

equipment for that with which they are familiar; this (4) Simplicity : 

indicates the need for absolute dependability and re- (5) Low first cost and low maintenance cost 


liability. Cars in this service may be required to operate 
as much as 100,000 miles per year, and, as the car body, 
frame and trucks can very readily be made to last from 
15 to 20 years, the power equipment must be extremely 
durable. The car may be expected to remain in service, COMPARATIVE MERITS OF DIFFERENT DRIVES 


under normal conditions, for a year or more between Various methods of driving these cars have been and 
shoppings, hence utmost accessibility of parts must be are being used. They are divided into the general classes 
provided so that minor repairs can be made during lay- of mechanical, electrical and hydraulic drive. The hy- 


To meet these requirements engines, clutches, elec- 
trical equipment, transmission, axles and other parts 
have been designed especially for this service. 


From ToCompressor _Frorm To Compressor PA ho Compressor Fis To Compressor ian To Compressor 
Engine H Engine, : f . ; : , 








IbAxle 


Fic. 4—TRANSMISSION FOR 190-HpP. MBCHANICAL-DRIVE RatIL-CAR, SHOWING GEAR POSITIONS FOR THB VARIOUS SPEED-RATIOS 
First and Second Speed-Ratios, with Gears in the Positions Shown at the Right, Are for Starting; the Other Three Are for 
Regular Running Use, Being Equally Efficient and Only One Pair of Gears Being Engaged. Reverse Motion Is Obtained by 
a Pair of Bevel Gears and Pinion in Each Axle of the Four-Wheel Driving Truck. Operating Data for Each of the Trans- 
mission Gear-Ratios in Combination with Various Axle-Ratios Are Given in Table 1 
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Fic. 5——-FRONT-AXLE ASSEMBLY OF DRIVING TRUCK oF 190-HP. MECHANICAL-DRIVE RAIL-CAR 
The Bevel Gears Are Free on the Axle and Are Engaged Alternately for Forward and Reverse Motion by a 
Jaw Clutch Sliding on the Axle 


draulic drive, while possessing some possibilities, has 
not, up to the present, proved entirely satisfactory. able work is being done with hydraulic drives, however, 
Among the troubles encountered are (a) saponification and it is possible that further developments may be ex- 
of the oil used as a transmitting medium, (b) damage pected. 

resulting from dirt, lint or other impurity in the oil and 
(c) some difficulty in keeping the joints tight. Hydrau- 
lic drive, as compared with the mechanical drive, has 


to be commercially practicable at this time. Consider- 


The electric transmission has the following advan- 
tages as compared with the mechanical drive: 


: (1) Smooth acceleration 

the advantage of more flexible control and smoother (2) Elastic connection between power and luad 
acceleration of the car, but it has the disadvantages of (3) Ease of handling ‘ 
considerably higher first cost, greater weight, lower (4) The gear ratio between the engine and the wheels 
efficiency and, up to the present at least, it is not so 


is infinitely variable and self-adjusting 
(5) The engine can be operated at or near the most 
desirable speed, regardless of car-speed or load 


reliable. Compared with the electrical drive, it has the 
advantages of less cost and weight but cannot be said 
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Fic. 6—CHART OF TRACTIVE EFFORT AND RESISTANCE OF 190-Hp. MECHANICAL-DRIVE CAR WITH TRAILER 
Curves Show the Tractive Effort Available at the Rail for Each Transmission Gear-Ratio at Engine Speeds of from 400 
to 1300 R.P.M., Together with Corresponding Train Speed and Resistance on Various Grades. The Car, with Standard 
Axle-Ratio, Is Capable, as Indicated, of a Speed of About 58 M.P.H., with Trailer, on Level Track at 1300 R.P.M. of 
Engine. Performance as to Power and Speed, as Shown, Contemplates Operating Conditions in Actual Service and Is 
Exceeded Considerably by Equipment in First-Class Condition 
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REQUIREMENTS IN GASOLINE RAIL-CAR DESIGN 


(6) Cars with electric drive can be arranged more 
readily for double-end control or for multiple 
unit train operation 

(7) The electric transmission can be designed to handle 
any desired amount of power 


The disadvantages of electric drive, as compared with 
mechanical drive, are: 


(1) The weight of a complete car is from 25 to 30 per 
cent greater 

The cost of a complete car is about 30 per cent 
more 

The overall transmission efficiency is much lower, 
70 to 75 per cent as against 90 per cent for 
normal conditions 

Gasoline consumption 
conditions 

More horsepower is required, because of the 
greater weight and lower efficiency 

Speed is more seriously reduced on grades for 
the same reasons 

The maintenance of electrical equipment is not 
generally so well understood as the maintenance 
of mechanical equipment; the mechanical car 
contains nothing that is not common in principle 
to the automobile 


(2) 


is higher under average 


CURRENT GENERATION AUTOMATICALLY ADJUSTED 


The general design of generators; controls and motors 
as applied to gasoline-electric rail-cars is substantially 
the same as that described by H. S. Baldwin for motor- 
coaches in his paper*® presented at this meeting, hence 
it is not necessary to go into details further than to say 
that the present practice represents a considerable im- 
provement over early gasoline-electric cars in that the 
generator is designed to deliver substantially a constant 
output, regardless of the relation between amperage and 
voltage but within certain outside limits for each. This 
| means that the generator automatically adjusts itself to 

the demand of the motors, delivering at all times sub- 

stantially the same output and holding the engine at 
approximately the same speed, so that it is only neces- 


2See p. 95. 
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S—ACCELERATION CURVES OF CAR WITH AND WITHOUT TRAILER 


Without Trailer, the Car Can Attain a Speed, from Standstill, of 
32 M.P.H. in 30 Sec. and a Speed of 42 M.P.H. in 1 Min. With 
Trailer, It Can Accelerate to 23 M.P.H. in 30 Sec. and to 32 M.P.H. 


in 1 Min. 


sary for the operator to open the throttle, thereby build- 
ing up excitation in the generator, after which the gen- 
erator delivers, within its capacity, the combination of 
voltage and amperage required for the particular con- 
dition. 

A typical car of the gasoline-electric type is shown in 
Fig. 1. This car is powered with a 250-hp. 7% x 8-in. 
six-cylinder engine operating at 1100 r._p.m. It is 60 ft. 
long and weighs about 80,000 lb. 

Mechanical cars having two or more engines are being 
built experimentally. Various arrangements are used 
for transmitting the power to the rails. Experimental 
cars with various electro-pneumatic and other indirect 
controls have also been built, but it is felt that utmost 
simplicity is a paramount requirement and, therefore, 
that the use of twin engines, indirect control and similar 
devices is to be avoided. 


DESIGN AND WORK CAPACITY OF LARGEST MECHANICALLY- 
DRIVEN CAR 


The largest mechanically-driven rail-car offered com- 
mercially at the present time is 55 ft. long, weighs 53,000 





10,000 








-12 Per Cent 


4 
3000 /!% Per Cert 








































/2Per Cent 
12% Per Cert ——e Fractive Effort Curve for. As Axle Ratio 
Per Cent Grade Curve 
Bh Per Cent 
6000 8 Per Cent 
oy #00 «-7% Per Cent 
fz 1300 7 Per Cent 
2 
4000 | + 
3f Per Cent 
‘3 Per Cent 
NS TT ¢ 2lp Per Cent 
AL ae ——amee ‘ 
2000 —omeemeere en 
eee al 
$200 mace 
| NLT Se ica oe Mada 
0 rh —~—“<—S—s™—\X 
Q 10 20 30 49 0 60 
| ] Speed, m.p.h. | | | 
1 1," ‘ ! " ‘ " tpt 
0-9 3-0 2-0’ 1-30 1-12 1-0 


Time 
Fic, 7 


For Grades of More than 2 


per Mile, min. 


—CHART OF PERFORMANCE OF CAR WITHOUT TRAILER, CARRYING 50 PASSENGERS AND 8500 LB. of BAGGAGE 


Per Cent the Cars Are Provided with Special Axle-Ratios Giving Improved Performance on 
Ascents and Lower Maximum Speed on the Level 
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Ib. and is powered with an engine developing, conserva- 
tively, 150 hp. at 1000 r.p.m. and 190 hp. at 1300 r.p.m., 
which is the maximum operating engine speed. The ar- 
rangement of engine, clutch and transmission is shown 
in Fig. 2, and the car and a 50-ft. trailer, which it can 
draw satisfactorily on grades up to about 2.2 per cent, 
are shown in Fig. 3. The engine is mounted at the ex- 
treme front end of the car and drives through a spe- 
cially-designed clutch and a propeller-shaft having two 
universal-joints, to a specially designed transmission 
that is housed in the bolster of the front, or power, truck. 
The power is taken from the transmission through two 
propeller-shafts to the two axles of this truck, both of 
which drive. The positions of the gears for the various 
transmission ratios are shown diagrammatically in Fig. 
4. This transmission provides five speed-ratios, the 
third, fourth and fifth being equally efficient, the drive 
in each case being through a single pair of gears. It is 
intended that the car can be driven indefinitely on any 
one of these three ratios as conditions may require. 
First and second ratios are intended for starting in the 
usual way. Table 1 gives the weights, mechanical effi- 
ciency, horsepower, tractive effort, speed and tractive 
effort per ton of weight for each of these ratios in com- 
bination with the various ratios that are offered in the 
axles. 

Reversing is accomplished by using two bevel gears 
meshing with a common pinion in each of the two axles. 
The bevel gears are free on the axle, as shown in Fig. 5, 
and engagement is by a jaw clutch, as is the engagement 
of the spur gears for each of the various ratios of the 
transmission. 

Fig. 6 indicates the tractive effort available at the rail 
on each of the various gear-ratios between engine speeds 
of 400 and 1300 r.p.m., together with the corresponding 
car-speed and resistance on various grades, of both car 
and trailer of this design. As indicated by this chart, 
the car, with standard gear-ratio, is capable of a speed 
of about 58 m.p.h. with the trailer on level track at 1300 
r.p.m. of the engine. It is capable of hauling the trailer 
ever grades up to about 0.6 per cent at a speed of about 
40 m.p.h. on fourth gear at 1300 r.p.m. When operating 
on third gear, the standard axle-ratio gives a speed of 
about 25 m.p.h. and ability to haul the trailer over grades 
up to 2 per cent. For steeper grades or for particular 
conditions, cars are supplied with special ratios of axles 
giving reduced top-speed and improved performance 
on grades. Performance of the car without the trailer 
is indicated in Fig. 7. 

Attention is called to the operating flexibility of this 
transmission arrangement as meeting, to a large degree, 
the flexibility inherent in the gasoline-electric design. At 
all speeds from 18 m.p.h. to the maximum of 58 m.p.h., 
and from level track to the maximum grade for which 
the equipment will be sold, the engine need never be 
operated at less than 900 r.p.m. and never at a speed 
higher than 1300 r.p.m. 

Fig. 8 gives acceleration curves for this car with and 
without a trailer. Fig. 9 shows the approximate rolling 
resistance, including journal friction, rail friction and 
wind resistance, of railcars of this type, operated alone 
and with trailers. Fig. 10 indicates the relation between 
engine-speed and car-speed on each of the various trans- 
mission ratios in combination with the standard-ratio 
axle. 


CHARACTERISTICS OF SPECIALLY-DESIGNED ENGINE 


The engine is especially designed and has six 6 x 7-in. 
cylinders. The general design is shown in Fig. 11. The 


crankshaft is 34% in. in diameter and runs on seven main 
bearings. The engine, complete with clutch and acces- 
sories, weighs 2900 lb., or about 16 lb. per hp. Particu- 
lar attention has been given to the oiling system, which 
is of the high-pressure type, the pressure being variable 
according to the throttle opening. The crankshaft is 
drilled from end to end. Oil is delivered from the sub- 
merged gear pump to a manifold running the entire 
length of the engine under the exhaust camshaft, from 
which it is delivered to camshaft bearings on that side 
of the engine and to the first, third, fifth and seventh 
main bearings. A corresponding manifold on the intake 
side of the engine connects with the second, fourth and 
sixth main bearings and to the camshaft bearings on 
that side of the engine. With this arrangement, the oil 
passes to the main and connecting-rod bearings and a 
sufficient quantity is pumped through the crankshaft and 
out into the low-pressure manifold to carry any dirt or 
sediment on through the system, rather than forcing it 
through the bearings. This large quantity of oil also 
helps to cool the crankshaft bearings. The system has 
a further advantage of permitting a supply of oil to 
reach any connecting-rod or crankshaft bearing so long 
as any one of four supply leads is open. All bearings 
are provided with from 0.003 to 0.005 in. clearance for 
oil. 

The cylinders are cast in block, and each has a sepa- 
rate renewable sleeve. Four valves per cylinder are pro- 
vided and these are located in the cylinder-heads, which 
are cast in pairs. The four valves per cylinder give 
better cooling, longer life, less inertia of parts, higher 
volumetric efficiency and better cooling of the cylinder- 
head. All rocker-shaft bearings are lubricated under 
pressure. The engine is arranged so that parts re- 
quiring adjustment or renewal can be reached readily. 
Compression pressure is 72 lb. gage, the maximum torque 
840 lb-ft., and the maximum brake mean effective pres- 
sure is about 106 lb. per sq. in. 

So far as possible, various functions have been dupli- 
cated to provide utmost reliability; ignition is by two 
independent separately driven high-tension magnetos 
and the cooling system includes two radiators connected 
to a duplex pump, one side of which draws water from 
each radiator. 


SPECIAL CLUTCH IS OF STURDY DESIGN 


It was found necessary to design a clutch especially 
for the service, The design selected is indicated by Fig. 
12. Three driven discs, to each of which are riveted 
friction facings, are used. The driving discs are ex- 
tremely thick and are left entirely open on the outside 
to aid in heat dissipation. The friction discs are 18-in. 
outside diameter and 12%-in. inside diameter, and the 
pressure required to absorb the engine torque of about 
10,000 in-lb. is 11% lb. per sq. in. Attention is called 
to the extremely large clutch brake, with spring back- 
ing, that was found necessary because of the weight of 
rotating parts which it is necessary to brake before 
shifting gears. The clutch is engaged by 12 springs and 
released through 3 toggle levers. The design of the 
clutch is such that only very light foot-pressure is re- 
quired to release it. This, combined with careful design 
of the clutch brake and the use of dog clutches for gear 
engagement, makes gear-shifting on this car extremely 
simple; in fact, no more difficult than on many auto- 
mobiles. 

The drive may be described as a double-reduction type 
similar to that commonly used in motor trucks, except 
that the first reduction is taken in the transmission and 
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only a second reduction in the axle. Since the top three 
gear-ratios in the transmission are equally efficient 
and any one of them can be used indefinitely, the effect 
of having three high gears is secured. It is suggested 
that this arrangement might be worthy of consideration 
for motor-truck and motorcoach drives. As an indica- 
tion of the general size of the transmission, the gear 
centers are 9 in., the gears are of 3.75 pitch, having 20- 
deg. pressure angle, 3-in. face, and the fourth and fifth- 
speed trains are helical spur. Gears are made of S.A.E. 
No. 2320 Steel, carbonized, heat-treated and lapped in. 
It is found that even with peripheral speeds up to 2200 
ft. per min. the noise of the transmission is not notice- 
able in the car. To insure long life, engagement is en- 
tirely through jaw clutches. Stresses in the teeth are 
kept extremely low. 

The engine drives a 600-watt, 32-volt, voltage-regu- 
lated generator of the usual type and is fitted with an 
electric starting-motor. Cooling is by natural circula- 
tion through two radiators so located that the engine 
cools equally well regardless of the direction of opera- 
tion. Aside from the control being located in one end 
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Fic. 10—RELATION OF ENGINE SPEED TO CAR-SPEED OF Two MODELS 
oF 190-Hp. Car 


Curves Indicate the Relation at Each of the Five Transmission 
Gear-Ratios in Combination with the Standard Axle-Ratio 


life, conservatively stated, of from 15 to 20 years, hence 
it has been necessary to use extreme care jn the design 
of the engine and the transmitting mechanism to insure 
the very maximum of durability. In spite of this, it 
probably will be necessary to make extensive repairs and 
eventually to replace the engine, clutch and drive gear- 


of the car, the direction of operation makes no difference ing at least once during the life of the car. In order 
TABLE 1—MECHANICAL OPERATING-DATA FOR 150 TO 190-HP. MECHANICAL-DRIVE RAIL-CAR AND TRAILER’ 
Tractive Effort Per 
Car and Ton of Combined 
Car Trailer Tractive Effort Weight, Light Car-Speed 
Weight, Weight, a 
De- Light, Light, Third Fourth Fifth Third Fourth Fifth Third Fourth Fifth 
Axle meine Engine livered per per Hp., Speed, Speed, Speed, Speed, Speed, Speed, Speed, Speed, Speed, 
Ratio B.hp. Hp Hp., Lb. Lb. Lb. Lb. Lb. Lb. Lb. L M.p.h. M.p.h. M.p.h. 
16-35 f1, 000 150 114.7 462 828 2,280 # 1,420 960 48.0 29.9 20.2 189 30.3 44.8 
1,300 190 145.0 3866 656 2,220 1,385 935 46.7 29.2 19.7 246 39.4 58.2 
13-35 1,000 150 114.7 462 828 2,800 1,745 1,180 59.0 36.7 248 15.4 24.6 35.4 
1 300 190 145.0 3866 656 2,730 1,700 1,150 57.0 359 242 20.0 32.0 47.4 
13-41 se 000 150 114.7 462 828 3,280 2,040 1,380 69.0 48.0 29.1 13.2 21.0 31.1 
li "300 190 145.0 366 656 3,190 1,990 1,345 67.2 420 284 17.1 27.4 40.5 
* Engine efficiency, 85 per cent; transmission efficiency, 90 our cunk, Power-car weight, light, 53,000 Ib.; trailer weight, 
light, 42,000 Ilb.: combined weight, light, 95,000 Ib. 





whatever, the full range of gear-ratios being available 
in both directions. 


WEARING PARTS CONCENTRATED IN REMOVABLE UNITS 


These cars are called upon to operate each year a 
higher mileage, on the average, than the useful life of 
most automobiles. The annual mileage will vary be- 


tween 30,000 and 100,000 miles, averaging about 65,000 
The car and trucks, as such, will have a useful 


miles. 
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Fic. 9—ROLLING-RBPSISTANCE OF CAR ALONE AND WITH TRAILER ON 
LEVEL TRACK 
The Resistz ance Pe ludes Roller Bearing and Rail Friction and Wind 
Resistance. Total Resistance, in Pounds per Ton Weight, Is 


Notably Less for Car and Trailer Combination at Speeds from 30 
to 50 M.P.H. 


that these replacements can be made as readily as possi- 
ble or to permit the use of spare units in services in 
which a considerable number of cars are operated, it is 
important that wearing parts be concentrated so that 
they can be removed as a unit. In the car just de- 
scribed all working parts are concentrated in either the 
powerplant or the drive truck, either of which can be 
removed and replaced readily during the usual overnight 
layover. The engine can be removed through the front 
end of the car, while it is only necessary to jack up the 
car and disconnect a few rods to permit the removal of 
the entire power truck. 

In designing this equipment it has been necessary to 
draw from the experience of both the automotive and 
railroad industries, as the mechanism is only that of an 
automobile adapted to railroad service. We have also 
drawn on automotive experience in the use of alloy-steel, 
anti-friction bearings and light-weight designs, insofar 
as was possible and consistent with safety. The design 
of the car body is as light as the requirements of safety 
permit; a complete car, including its propelling appara- 
tus, weighs only about half as much as the usual railroad 
passenger coach of the same size without any power 
apparatus. This has been accomplished partly by using 
the strength of the steel sides of the body as a truss to 
share the body weight instead of depending entirely 
upon the underframe section. 

The gasoline consumption, in regular service, is about 
1 gal. per 120 ton-miles. It is found that speed in ex- 
cess of about 45 m.p.h. is unnecessary on ordinary local 
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Fic. 11—GerNERAL DESIGN or 190-Hp. ENGINE 
This Is ¢ 


Manifoid on Either Side. The Crankshaft Is Drilled from 


dependent High-Tension Magnetos and Cooling Is by Two 














) ; ; : End to End and Surtticient Oil Is Pumped Through To 
Out Any Dirt in the Oil without Its Passing through the Main and 








USED IN THE LARGEST MECHANICAL-DRIVE RAIL-CAR 
1 Specially-Designed Six-Cylinder Engine with the Cylinders Cast in Block and Having Separate Renewable Sleeves 
and Four Valves for Each Cylinder Pressure in the High-Pressure 

Opening. Alternate Main Bearings and the Camshaft Bearings 


Oiling System Is Variable According to Throttle 
on Opposite Sides of the Engine Are Supplied by a 
Carry 


Connecting-Rod 3earings Ignition Is by Two In- 


Radiators Connected with a Duplex Pump, One Side of Which 


Draws Water from Each Radiator 


schedules, as the more rapid acceleration of this equip- 
ment compensates for the higher top-speed required of 
steam equipment. 


OPERATING ECONOMY COMPARED WITH STEAM TRAIN 


Equipment of this nature offers many advantages to 
the steam railroad. Cars of this usual type are being 
operated at between 17 and 45 cents per car-mile, in- 
cluding wages, maintenance, interest on investment, de- 
preciation, fuel, cleaning, lubrication and other charges, 
the range depending on the wage paid, the number of 
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miles per day and the size of the car. Cost of operation 
of steam equipment varies widely, so that a direct com- 
parison is hardly possible except in specific cases. Gen- 
erally, the expense of operating a branch-line train, 
consisting of a small locomotive, combination baggage 
car and smoker and day coach, is from 90 cents to $1.20 
per mile. Rail-cars of the size described can perform 
the full service of such a train at a cost conservatively 
less than 45 cents per mile. Because of this extreme 





(Concluded on p. 86) 





Fic. 12—Dry-PLatTe CLUTCH ESPECIALLY DESIGNED FOR THB SERVICB 


It Has Three Driven Discs with Riveted Friction Facings and 
Open To Aid Heat Dissipation. A Very Large Clutch Brake 
the Mass before Shifting Gears. Very Light Foot-Pressure 


the Wriving Dises Are Very Thick. The Clutch Is Left 
with Spring Backing Is Necessary To Overcome Inertia of 
Releases the Clutch, and Gear-Shifting Is No More Difficult 


than on Many Automobiles 
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ABSTRACT 


Rseneorsgiagie cannot occur without something with 
which to collide. If the space into which the driver 
of a vehicle intends to proceed is free from obstruc- 
tions for a distance greater than that in which the 
vehicle can be stopped, the driver is assured of a clear 
course to that extent. 

With a view to making the “assured clear course” 
ahead of a vehicle the basis of a proposed speed law, 
in which the speed of the vehicle will be limited by 
conditions rather than by any arbitrary regulation ex- 
pressed in miles per hour, an analysis is made of the 
factors that would tend to cause variations in such an 
assured clear course, and of the methods of applying 
and enforcing such a law after it had been enacted. On 
the assumption that safety is the purpose of speed 
laws and is desired by car operators, the authors believe 
that the simplicity and directness of the proposed law 
will appeal to drivers and that its justification lies in 
its capacity for enforcement. In an appendix, a for- 
mula is given for checking up the maximum safe speed 
under various conditions. 


AFETY is the purpose of speed laws. Safety is 
~ desired by the car operator. It follows that a 
driver would obey the law if he were convinced 
that such obedience is essential to safety. It is proposed 
to outline a law that the driver will be convinced is es- 
sential, will apply where needed, and can be enforced. 
The proposed law is essentially as follows: 


No vehicle shall be operated at a speed such that it 


cannot be stopped within the assured clear course 
ahead. 


The only unfamiliar phrase is “assured clear course.” 
Let this first be given a legal definition. ‘“Course’”’ shall 
be taken as that space into which the driver of a vehicle 
intends to proceed. That part of the course which is cer- 
tain to be free from any legal obstruction at the time he 
reaches it is “assured clear.” 

Safety will result from an observance of this rule, be- 
cause of the basic fact that a collision cannot occur with- 
out something with which to collide. A little thought will 
show that the object sought by existing speed laws and 
brake requirements is embodied in the proposed law. And 
even less thought shows that a safe speed at one place 
may be dangerous at another and that what is reasonable 
on a dry road may be unreasonable when the road is slip- 
pery. Justification for existing laws lies in the fact that 
they are capable of enforcement. It is in order, there- 
fore, to show that the proposed “clear-course” law is 
also capable of enforcement. 

For instance, one means that suggests itself would be 
to provide a policeman with a dummy that could be 
shoved into the street wherever a pedestrian might legally 
be and to require that the driver must stop his car before 
reaching the dummy. Fairness suggests a more or less 
standardized dummy for this purpose, which might per- 





1M.S.A.E.—Physicist, Bureau of Standards, City of Washington. 


2 Assistant mechanical engineer, Bureau of Standards, City of 
Washington. 


haps be a gaily appareled damsel to be known as “Suicide 
Sally”. 

Consider this suggestion for a moment. To a blue- 
coated enforcer of the law, an afternoon in a shady nook 
with nothing to do except to cause “Suicide Sally” to 
sally forth at strategic moments would be infinitely 
preferable to piloting a motorcycle back and forth over 
dusty roads. When a motorist, who comes to grief and 
causes “Suicide Sally” to bite the dust, realizes that the 
dummy might have been another car or a real Sally in 
the road, he cannot help seeing the justice of his arrest 
and feeling relieved that only a dummy and his pocket- 
book are the sufferers. This subject is discussed in more 
serious vein later in the paper. It will appear, therefore, 
that the proposed law attains the same end that is sought 
by the mass of speed laws and brake laws now in exist- 
ence, that it is simple, sensible and enforceable and that 
its reasonableness will be made evident by its enforce- 
ment. 

Discussion thus far has dealt with the legal term, 
“clear course”. Observance of the proposed law will 
ensure that the driver will never be engaged in an acci- 
dent for which he is to blame. Some persons may be 
satisfied to be merely “within the law’, merely to be 
guiltless of any accident that may occur. History recalls 
one such person whose epitaph reads: 


Here lies the body of Edwin Gray, 

Who died maintaining his right of way. 

He was right, dead right, as he sped along, 
But he’s just as dead as if he’d been wrong. 


The great majority prefers, however, not to be in an ac- 
cident, even if the other fellow or no one at all is to 
blame. To this group is offered as a guiding rule the 
law with a little less mandatory wording 


Do not operate your motor vehicle at a speed such 


that it cannot be stopped within the assured clear 
course. 


To a driver of this group, “clear course” will involve 
what may be there rather than merely what can legally 
be there. The remainder of the paper is devoted to a 
discussion of what may be there, legally or otherwise, 
and to the applications of the clear-course rule. 

If one considers the common rules of the road in 
connection with the proposed clear-course law, he finds 
that most of them appear to be direct applications of the 
clear-course principle. This suggests that the principle 
is, in fact, a basic one that has long been followed but 
has not been clearly defined. The common rules of the 
road, as will appear later, relieve the driver of the need 
of applying the clear-course rule absolutely in cases 
where to do so would be too inconvenient. This is ex- 
plained more fully in what follows. 


CURVES AND HILLTOPS 


A driver is rounding a curve, say to the right, as in 
Fig. 1. The view around the curve is obstructed by 
bushes, embankments or buildings. The driver can see 
the right-hand side of the road ahead for a definite dis- 
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tance. If he can see enough of the roadside to know 
that no pedestrian or animal is near enough to get into 
his way, he knows that he has this visible distance ahead 
clear of obstruction; in other words, his clear course is 
only as many feet as he can see ahead on his own side of 
the road and no more. No examiner would issue a driver’s 
license to a blind man, yet, if the driver in this instance 
cannot stop within the clear course, obviously he must 
cover some ground that he has not yet seen; to this extent 
he is literally blind. A traffic jam, an open ditch or a 
“Suicide Sally” may be just around the corner. The 
driver is safe, then, if he can stop with certainty and 
safety within this clear course ahead. Obviously, he 
must stop without skidding across the road or into the 
ditch. 

If the driver does not stay in his own proposed course, 
or, in other words, if he skids off the road, he may hit 
something or “turn turtle.” It must be assumed, there- 
fore, that the driver not only knows where he intends 
to proceed, but knows that he can proceed in that course. 
He cannot know that he has a clear course ahead if he 
does not know where he is going. But, some one has 
already said, here is a case where the rule will not 
work. What if an approaching vehicle coming around 
the curve gets on the wrong side of the road? As sug- 
gested above, one of the commonest rules of the road 
fits this case. Law, custom and common sense have put 
it down as one of the cardinal sins of driving, to travel 
on the wrong side of the road around a curve. Thous- 
ands of white lines painted down the center of the road 
around curves testify to the basic character of this rule. 
A driver may cross the white line with impunity only 
when he knows that he can get back on his own side if 
need be. A specific law forbidding a driver to overtake 
another car on a curve is hardly needed, if the basic rea- 
son for the white line is understood and if drivers are 
induced to act accordingly. 

Before leaving this example, one condition, luckily 
uncommon, should be mentioned. If, for any reason, 
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Fic. 1—RouNDING A CURVE TO THE RIGHT, WHEN THE VIEW IS 
OBSTRUCTED BY BUSHES, EMBANKMENTS OR BUILDINGS 

The Driver's Clear Course Is Only as Many Feet as He Can See 
Ahead on His Own Side of the Road and No More 
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Fic. 2—APPROACHING A STREET INTERSECTION WHERE THE VIEW Is 
OBSTRUCTED BY BUILDINGS 
The Driver Must Regulate His Speed So That He Can Stop, If 
Necessary, by the Time He Reaches the Corner 


the road ahead should be a single-track road on which 
vehicles cannot pass, and such roads are not so rare as 
they might be, owing to excavations, obstructions or 
what not, as well as to narrowness, as in mountain roads, 
then even the legal clear course becomes one-half the 
distance that the driver can see. The reason is obvious. 
If two vehicles with equal stopping-ability are coming 
from opposite directions at the same speed, each must 
stop within one-half the distance that separates them 
when they come into view of each other. For reason- 
able safety a wide margin is needed even on this. 

Another case that appears different but is exactly like 
rounding a curve is that of topping a hill. It makes no 
real difference whether an approaching vehicle or other 
obstruction in the road is hidden around a curve or be- 
hind a hilltop; the conditions and remedies are pre- 
cisely the same. Unfortunately, the rule of the road re- 
quiring the driver to keep on the right side of the road 
at a hilltop is not so generally accepted as that for curves. 
A safe driver, however, will never enter the wrong side 
of the road when topping a hill, unless he is absolutely 
certain that he has plenty of time in which to get back 
on his own side, if necessary. Our reason for dwelling 
at length on so obvious a case is, that three or four so 
simple and general cases will illustrate the whole range 
of ordinary driving conditions. 


ROAD CROSSINGS 


The second of these general cases deals with cross- 
roads, paths and railroad crossings. If, on approaching 
such a junction, a driver can see in both directions, and 
if he is attentive and does see far enough to know that 
no approaching vehicle, pedestrian or train can reach 
the crossing before he can pass, he is safe. His clear 
course is not limited by the crossing. But, if he cannot 
see in both directions, he must guard against a possible 
obstruction, and his clear course is only the distance to 
the crossing. 

Take, for example, the street intersection shown in 
Fig. 2, where the view of the cross street is obstructed 
by buildings. As the driver approaches the intersec- 
tion from a distance, he must regulate his speed so that 
he can stop, if necessary, by the time he reaches the 
corner. Not until his line of sight includes an angle 
of at least 45 deg. on each side will he be able to see 
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all the vehicles that might obstruct his path and thus 
determine whether it is safe to cross. 

At this point (See Fig. 3) the common rules of the 
road again simplify the problem by giving him the right 
of way over vehicles coming from the left and allowing 
him to center his attention on the right-hand cross street. 
A vehicle seen approaching from this side must be given 
the right of way; and it would be obvious proof of reck- 
lessness if the driver in question were unable to stop 
his car before infringing such right. In fact, a safe 
driver would allow a fair factor of safety by increasing 
his view still farther to the right before accelerating 
across the intersection. 

Application of the clear-course rule to crossings of 
various kinds suggests a simple means of both warning 
the driver of a danger spot and showing him the dis- 
tance within which he must stop in an emergency or 
when called upon to do so by an officer. In Fig. 3, the 
diagonal line is not only a geometrical line of sight, but 
a line of real danger. When a driver has passed this 
line and can see that the entire portion of the cross-road 
to the right within this line is clear, he is safe. On the 
other hand, if another vehicle comes into view along 
this line of sight, he must be prepared to stop. 








July, 1925 No. 1 





Ww HA’ Tiss SAFE SPE ED? ane eee 





Fic. 3—CLOSER APPROACH TO A STREET INTERSECTION WHERE VIEW 
Is OBSTRUCTED BY BUILDINGS 
Here the Driver Has the Right of Way Over Cars Approaching 
from the Left and Must Center His Attention on Those Coming 
from the Right 





Fic. 4—APPROACHING A CROSSWALK OR A STREET-CAR LOADING-PLATFORM 
In the Left View, Since a Pedestrian Usually Is Granted the Right of Way, the Driver’s Clear Course Will End at the Cross- 
walk; in the One at the Right, He Must Be Prepared To Stop Unless He Can See That No Pedestrian Is Closer than One- 
Fifth of His Distance from the Crossing 


It is suggested, therefore, that such a diagonal line be 
clearly marked on the roads whenever obstructed cross- 
ings occur and that cars should be prohibited from 
parking closer to the corner than this line, where they 
would further obstruct the view. Such practice would 
result in both safe driving and law enforcement. 


OBSCURE CROSS-ROADS 


Just here it may be pointed out how consideration of 
the clear-course rule emphasizes the danger of one class 
of hazard not yet properly guarded against, namely, ob- 
scure roads that cross main thoroughfares. Many of 
these roads are so obscure that even their existence can- 
not be detected in time to apply the clear-course rule. 
This is not at all the fault of the rule. Whenever a 
driver violates it, he risks his life on the chance that no 
vehicle or animal will emerge from the obscure cross- 
road. Accidents under such circumstances, although by 
no means rare, would probably be far more numerous 
were it not for the fact that most drivers on cross-roads, 
realizing the extreme danger, instinctively follow the 
clear-course rule when entering main highways. Perhaps 
most of the live stock that was prone to the crossing 
habit has perished as a result, but the uneducated re- 
mainder constitutes a menace that makes it imperative 


that obscure crossings should be suitably marked so that 
motorists on the main roads can see them in time. 





Fic. 5—APPROACHING A RAILROAD CROSSING 


Because of the High Speed of Trains, the Driver Must Look at 
a More Obtuse Angle 
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CROSSWALKS AND RAILROAD CROSSINGS 


Crosswalks and railroad crossings present exactly the 
same problem, with the geometry changed only a little. 
Since a pedestrian is usually granted the right of way at 
crosswalks, a driver’s clear course will end at the cross- 
ing, if a pedestrian is near enough to get into the way. 
A pedestrian may be expected to walk at not more than 4 
m.p.h., but allowance, of course, should be made for 
small boys and other wild animals. If a driver is ap- 
proaching a street-car loading-platform, as in Fig. 4, for 
example, at say 20 m.p.h., he must be prepared to stop, 
unless he can see that no pedestrian is closer than one- 
fifth of his distance from the crossing. In the latter 
case, it is safe for him to proceed. 

The same thing applies in the same way to a railroad 
crossing, as shown in Fig. 5, except that, because of the 
much higher speed of the train, the driver must look at 
a different angle. Apparently, the obtuse-angle required 
to locate a railroad train in the danger zone has a fatal 
relation to the obtuse driver. At any rate, the number 
of accidents in which the driver has failed to see a rail- 
road train in plain sight suggests that too many drivers 
fail to pay attention to objects far beyond the angle of 
45 deg. from the straight-ahead direction. Perhaps the 
fact that danger from these directions is rare makes 
drivers careless. 


ROADSIDE OBSTRUCTIONS 


A third class of cases, roadside obstructions, comes 
equally well under the clear-course rule. It involves 
persons and animals that may enter the right of way 
from behind obstructions by accident or because of in- 
attention. If a driver is approaching any obstruction 
at the side of the road, such for instance as a parked 
car, a pile of building material or any other object that 
may conceal a person or an animal bent on committing 
suicide, the conditions for safety are perfectly definite. 
This applies equally, of course, to an inattentive person 
standing on the curb or to a youngster who may chase a 
ball into the street. 

To be sure, laws give the driver some legal protection 
in case a person comes out into the road at an unau- 
thorized place or time. Nevertheless, no one wishes to 
injure another even if he is not to be hung for it; and, 
by application of the clear-course rule, every driver could 
maintain a standard very close to 100 per cent safety as 
regards pedestrians without any great loss of time. When 
long rows of cars are parked on narrow streets, perhaps 
some small risk must be taken. It is probably fair for 
the driver to assume that, once a pedestrian on the curb 
has seen him coming, the pedestrian will not wilfully try 
to commit suicide. One of the authors, however, having 
followed this clear-view rule in driving for a long period, 
and having assumed that every pedestrian is a potential 
suicide, has still been able to drive at a very satisfactory 
speed. 

The conditions of absolute safety are illustrated, or an 
attempt is made to illustrate them, in Fig. 6. The clear- 
course rule discussed above with reference to what may 
be termed emergency cases, where other vehicles or per- 
sons or animals enter and obstruct the right of way, ap- 
plies also, in principle, to some of the common situations 
with reference to other vehicles in ordinary driving. 


VEHICLES IN LINE 


Perhaps the condition of driving that occupies every 
driver’s attention most is that of following another 
vehicle in a line of traffic and maintaining a safe distance 
without allowing so much space to intervene that he is 


continually overtaken by less careful drivers. The clear 
course ahead in this case is not so obvious. Recalling 
the definition given in the beginning, namely, the dis- 
tance ahead that is certain to be free from obstruction, 
it will be seen that the safe driver does, in fact, follow 
the clear-course rule instinctively. When a vehicle is in 
motion, the clear course for the driver of a vehicle be- 
hind, is the distance to the point to which the vehicle 
ahead must necessarily go before it can be stopped. 
Naturally, in this case we may assume with fair safety 
that the vehicle ahead will stop only because of the ac- 
tion of its brakes; in other words, that it will not collide 
with something and be stopped much more quickly than 
the brakes would stop it. The stopping-distance, to be 
sure, depends upon whether the vehicle ahead is equipped 
with four-wheel brakes. Some four-wheel braked cars 
advertise the fact so that a driver behind can hardly 
avoid noticing it. 

If the brakes on both cars are equally good, however, 
the car behind can stop as short as the car in front; and 
observation seems to show that a driver of average care- 
fulness allows a distance between cars just about suffi- 
cient for him to perceive that the car ahead is slowing 
down and for him to react in applying his brakes; in 
other words, he allows for his perception-time plus his re- 
action-time. The reaction-time of good drivers is about 
0.5 sec., and such drivers seem to allow a distance be- 
tween cars that would be covered in from 1.5 to 2.0 sec. 
This indicates that the driver allows about 1 sec., or a 
little more, in which to perceive that action is necessary. 


NIGHT DRIVING 


Night driving on brightly lighted streets is much the 
same as driving in daylight and calls for no special com- 
ment. On unlighted roads, however, an additional factor 
must be considered. The clear course is very much de- 
pendent on the headlighting equipment. 

Ordinarily, a driver can see nothing beyond the space 
that is illuminated by his headlights. His clear course 
ahead, then, will seldom reach beyond this range and 
will often be much less. On sharp curves, head-lamps 
shine straight ahead, leaving most of the curve in dark- 
ness. Crossings and roadside obstructions will limit the 
clear course at night even more than in daylight, danger 
from the dimly lighted roadside being more difficult to 
detect. Dazzling head-lamps of approaching cars may 
reduce the visible road ahead to almost nothing and re- 
quire a complete stop for safety. Speed limits under 
such conditions are inadequate, but the clear-course rule 
still applies as a fundamental law of safety. 


RESPONSIBILITY OF THE DRIVER 


Having discussed the application of what we have 
called the clear-course rule to a number of typical driving 
conditions and having shown, we believe, that it is, in 
effect, the only simple basis for safe driving as regards 
other users of the road, we wish to show how drivers 
might be educated in its application and safe driving may 
be enforced at the same time. 

The clear course ahead depends entirely upon road and 
traffic conditions, some of which are continually changing. 
For these the driver is not responsible, but he is respon- 
sible for being able invariably to stop within the clear 
course ahead. The distance required for stopping de- 
pends not only on the speed of the car but on the condi- 
tion of the brakes and of the surface of the road. The 
impossibility of making traffic safe by the simple regula- 
tion of speed is being pretty generally recognized, and 
either arbitrary speed-limits are being abandoned in 
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favor of some general provision that driving must be at 
a safe speed, or the limits are raised with a similar pro- 
vision. 

At one crossing or curve, the clear course ahead may 
be 50 ft.; at the next, 200 ft.; the road surface, moreover, 
may be dry at one time and wet or icy at another. Ob- 
viously, no set speed-limit can ensure safe driving. What 
might be a perfectly safe speed at one place and time 
might be the height of recklessness at another. Con- 
sider, for instance, a corner where the clear course ahead 
is 60 ft. The driver must be prepared to see an approach- 
ing vehicle, decide to stop, apply his brakes and bring 
the car to a stop within 60 ft. With the best of two- 
wheel brakes and with the driver losing no time in per- 
ceiving the approaching vehicle, this stop can be made 
from a speed of 18 m.p.h. on a dry road but, on a very 
slippery road, the stop cannot be made from speeds in 
excess of 8 or 10 m.p.h. 

In fact, we wish to show that speed is only one of the 
factors that determine the stopping-distance, and that the 
stopping-distance with relation to the clear course ahead, 
and not speed, is the most important factor of safety. 

Only the driver himself can tell what is a safe speed 
at any time, and he alone should be held responsible. If 
he can definitely be made responsible, he will of necessity 
learn to know what speed is safe and will drive accord- 
ingly. If anyone wishes to check up what the maximum 
safe speed will be under various conditions, he can find 
a formula in the Appendix to this paper. 


SIMPLE RULE BECOMES A SIMPLE LAW 


The Ten Commandments are a striking example of 
simplicity and directness. One of them says, “Thou 
shalt not kill.” It does not say, 


Thou shalt not drive faster than 18 m.p.h. on a cer- 
tain piece of road because we, the lawmakers, estimate 
that, if you do not travel faster, you probably will not 
kill anyone. 


Why not say, “Thou shalt not drive at a dangerous 
speed,” and then very very forcefully make it clear what 
is a dangerous speed by means of enforcement? This 
might be expressed in principle as follows: “An officer 
may require a driver to stop within the clear course 
ahead.” 


ENFORCING THE LAW 


This general statement, like that of the clear-course 
rule, needs concrete illustration. As already mentioned, 
Fig. 1 illustrates one possible case. “Suicide Sally,” in 
the form of an officer with a recognized stop-signal, 
might be located at point X and require a stop. The 
driver knows that he is required by law to be able to 
stop before he reaches X. Failure to do so is conclu- 
sive evidence of recklessness. Moreover, the driver can 
hardly fail to appreciate that fact. In case of failure 
to stop within the clear course, the offender would be 
punished, not for violating some rather obscure pro- 
vision of law, but for committing an act that obviously 
endangered himself and others. Suppose that he had 
not been able to stop and had run into a group of school 
children. The officer and the judge would doubtless put 
this more forcefully than we do. 

Considering the case of crossings, either highways 
or footways, the same general method of enforcement 
can be applied. Referring to Fig. 3 and applying the 
usual right-of-way rule, a vehicle crossing the diagonal 
line enters a danger zone and, if a vehicle is approaching 
from the right, his clear course ahead is the distance 
from this line to the point of intersection. 
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Fic. 6—PASSING A PARKED CAR OR A ROADSIDE OBSTRUCTION 
These May Conceal a Person or Animal Bent on’ Committing 
Suicide and Conditions of Safety Can Be Maintained without Any 

Great Loss of Time 


Should an officer be stationed on the line anywhere to 
the right of the obstruction at X, he will be seen by the 
driver, just as would any approaching vehicle for which 
he must stop. Clearly, under these conditions, if the 
driver cannot stop before reaching the intersection, he 
is culpable. Failure to do so, in case the officer had been 
replaced with another vehicle, would have resulted in a 
collision, unless the driver of the other vehicle had 
stopped. This he was not required to do. The same con- 
ditions hold for crosswalks, as will be seen by reference 
to Fig. 4. 

Children at play are prone to run into the street at 
almost any place, at any time and from behind almost 
any obstruction. Safety would demand, therefore, that 
where children are likely to be playing the suggested 
method of enforcement might be applied. 

Although we believe, as has been stated, that it is 
practicable under nearly all conditions to drive with ab- 
solute safety past such obstructions and still maintain a 
reasonable speed, there are cases, such as that of cars 
densely parked along a narrow street, from which pedes- 
trians should be expected not to emerge into the right 
of way without due caution. Under such conditions, the 
enforcement officer should not be allowed to infringe the 
driver’s legal right of way. 


Look AHEAD, Not BEHIND 


One feature in particular of the clear-course rule may 
be emphasized. An ordinance based on this rule of safe 
driving would focus the attention of all drivers on the 
one most important condition for safety. It would edu- 
cate as well as regulate. It would compel every driver 
to keep his attention on what is ahead rather than on 
what may be behind as is now too often the case. If the 
clear-course rule were well enforced, little need of arbi- 
trary speed-limitations would exist. An upper limit, pos- 
sibly, on the open road might still be useful. 

If every driver knew that he might be called upon by 
an officer to come to a stop at any curve, crossing, or 
obstruction where he could not see at least 100 yd. in all 
directions, fast driving at these danger points would 
cease. 


CONCLUSIONS 


Safe speed is such that a driver will be able to stop his 
vehicle within the distance ahead that is certain to be 
free from any obstruction. 

Legal safe-speed is such that a driver will be able to 
stop his vehicle within the distance ahead that is certain 
to be free from any legal obstruction. 

An ordinance based in this definition can be enforced 
by providing that an enforcement officer may call upon 
a driver to prove that in any specific case he can stop 
within the clear course ahead. 
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APPENDIX 


FORMULA FOR SAFE SPEED 
v = V (2as + a’t’) —at 


where 
a = rate of deceleration, in ft. per sec. per sec. 
s = clear course ahead, in ft. 
t = time lag of the driver, in sec. 


v = safe speed, in ft. per sec. 


Some of the quantities are not in the most commonly 
used form but the equation is simple when written in this 
way. 

v, in feet per second, is 1.47 times the speed, in miles 
per hour. 


a, in feet per second per second, can be found for any 
car from the commonly quoted figures of feet required to 
stop from 20 m.p.h. by the equation 

a = 430/f 
where 

f =the number of feet required to stop from 20 m.p.h. 
Thus, for 

i = Oe &t. 

a = 8.6 ft. per sec. per sec. and 

t must include not only the so-called reaction-time of 
about 0.5 sec., but also the time required for the driver 
to see that an emergency exists and to decide to stop. 





REQUIREMENTS IN GASOLINE RAIL-CAR DESIGN 


saving the present tendency is to increase the size and 
the power of self-propelled equipment, as is evidenced by 
the development of the 250-hp. gasoline-electric car. 
Naturally, the larger the car, the higher will be the first 
cost, the fuel consumption and the total operating-cost. 
It is felt that this matter should be studied carefully to 
avoid carrying the self-propelled equipment beyond its 
true field into the field of the steam locomotive. 

Self-propelled rail-cars, in addition to the economies 
mentioned, also make possible, particularly on lines that 
can be entirely motorized, many indirect economies, such 
as the elimination of coal docks, watering station, ash 
pits and the usual paraphernalia of steam-road opera- 
tion. They do not require any fuel when not running 
and thus eliminate the stand-by losses incident to keep- 
ing idle locomotives hot during a layover or in prepara- 
tion for a run. The service is also more attractive than 
steam equipment, as dust, cinders and smoke are elim- 
inated; cars can be operated with the windows wide 
open, thus giving better ventilation during the summer, 
and they can be kept cleaner and are better lighted than 
the equipment that they replace. 


THE RAIL-CAR FIELD AND MARKET 


The preceding cost data, borne out by actual experi- 
ence, show that the cars can be operated more economi- 
cally per passenger carried than motorcoaches on the 
highways and thus, under proper conditions, can be ex- 
pected to regain for the railroads some of the business 
that has been lost to the highway competitor. The rail- 
cars have a further advantage, as compared with the 
motorcoach, of higher average speed and greater safety. 
The gasoline rail-car is not, however, intended as a direct 
competitor for the motorcoach or for the steam locomo- 
tive but fills a logical need in specific conditions to better 
advantage than either of the others. 


(Concluded 


from p. 80) 


It will be noted that, due to the low rolling-resistance 
as indicated in Fig. 9 and Table 1, the tractive factor 
required is very low. The data given in these tabula- 
tions are based on the assumption that the rail-car en- 
gines can be operated at less than their full capacity 
because of dirty valves, incorrect adjustments and other 
low-efficiency conditions, hence the total power has been 
depreciated 15 per cent. Therefore, equally satisfactory 
results can safely be anticipated throughout the life of 
the equipment if it is given a reasonable amount of 
maintenance. 

The possible market for this class of equipment is 
admittedly somewhat limited. More than 600 railroad 
lines are being operated in the United States but, as 
many of these are logging and coal roads, the total num- 
ber of railroads in this Country that are prospective 
customers is about 350. A general census of the roads 
taken some time ago indicated that they furnished a 
possible outlet for between 2000 and 3000 self-propelled 
rail-cars of all sizes. This may or may not be extended 
as the industry develops. If a life of 15 years is as- 
sumed, the volume of business that may be expected is 
about 200 cars per year, to which can be added a foreign 
demand of perhaps one-third more, making a total allow- 
ance for about 230 to 250 cars per year as a permanent 
industry. 

It is, of course, dangerous to make any prophecy as 
to possible future development. Considerable work is 
being done at this time on heavy-fuel engines of the 
Diesel and other types; these may be developed to the 
stage of being sufficiently simple, light and small to be 
adaptable to equipment of this nature. It is not felt, 
however, that developments thus warrant the use of this 
class of equipment generally, although some such cars, 
using electric drive, are being built experimentally at the 
present time. 
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Development of a Modern Four-Wheel 
Mechanical Braking-System 


By J. R. Cauriry! anp A. Y. DopGe? 





Sem1-ANNUAL MEETING PAPER 








ABSTRACT 


ECAUSE of the increase of traffic on the highways 

in the last few years, retardation has become the 
most vital function of car operation; and safe retarda- 
tion is as necessary as rapid retardation. Good brakes 
are as essential as a good engine. Becoming convinced 
of the many attendant advantages of four-wheel 
brakes, the authors began an intensive study of braking, 
the results of which are outlined. 

The features of construction of the Bendix-Perrot 
standardized four-wheel braking-system, which in- 
clude: (a) standardized and improved controls, (b) 
standardized brakeshoes and (c) a simplified brake- 
operating layout or hook-up, are described and illus- 
trated and the advantages to be obtained with these 
improvements are summarized. 


[ NTIL 2 years ago the study of braking in general, 
and of four-wheel braking as a modern develop- 
ment, was carried on by most American automo- 

bile companies only as incidental to the general design of 

the car and often as a late afterthought. The idea that 

good brakes are as fundamental a part of the design of a 

car as is a good engine is one that even today has hardly 

impressed itself fully on the automotive engineers of this 

Country, although the public is beginning to realize that 

such is the case. For 2 years our organization has been 

studying brakes as a specialty and braking as a science. 

In connection with this study, it has had the advantage 

of the advice and collaboration of Henri Perrot, the 

father of four-wheel braking in Europe. 

Because of the increase of traffic on the highways, both 
city and country, and the enormous mileage of good roads 
built in the last few years, retardation has become the 
most vital function of car operation. Safe retardation is 
as necessary as rapid retardation. This consideration 
brought us to the study of the four-wheel brake with its 
many attendant advantages, such as freedom from 
skidding, greater tire life, and the like, because we real- 
ized that fundamentally the four-wheel braking-system 
is more than twice as safe, under any conditions of brak- 
ing, as a system equipped with two-wheel brakes. Being 
convinced of these facts and having a thorough knowledge 
of a basically correct and thoroughly tried brake-control, 
as well as a self-energizing braking-system, our organi- 
zation set out to do five things: 


(1) Study the science of braking as a major problem 
of automobile design 

(2) Design and produce brake controls that, while 
following correct principles, could be produced 
in large quantities in a standardized form 

(3) Develop brake designs that would not merely be 
an adaptation of old ideas but would be the thor- 
oughly worked out results of new ideas based on 
present-day conditions of automobile operation 





1M.S.A.E.—Bendix Engineering Works, Inc., Chicago. 


2 M.S.A.E.—Chief engineer, Perrot Brake Corporation, South Bend, 
Ind. 
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Illustrated with PHoroGRAPHS AND DRAWINGS 


FIG 


. 1—SECTIONAL VIEW OF BENDIX-PERROT STANDARDIZED PRODUC- 
TION BRAKB-CONTROL SYSTEM 


It Consists of Three Major Elements: (a) the Chassis Ball-Joint 
Assembly; (b) the Carrier Bracket and Universal-Joint Assembly, 
Which Includes the Control Shaft; and (c) the Lever and Adjusting 
Ball-Nut Assembly 
(4) Weld these designs into a standardized system, 
including brakes, controls and hook-up, that 
would require no more attention than the steer- 
ing-gear of a modern car 
(5) Develop the standardization of all parts so that 
the minimum number of parts would be required 
to cover the field, thus assuring a low cost of 
production for a high-grade article 


It is impossible in a short paper to give a complete 
resume of the intensive study that has been devoted to 
the general problem but, at all events, it is the results 
that are of interest. For this reason, the production de- 
signs that have been developed will be described, a brief 
sketch will be given of the complete system, and a few 
comments will be made on points that should be consid- 
ered in the design and application of parts laid out to 
work in conjunction with standardized brakes and con- 
trols. 


BENDIX-PERROT CONTROL-SYSTEM 


The Bendix-Perrot control-system, in general, needs 
no description, but the construction of the standardized 
production control is of interest. This control consists 
of three major elements: (a) the chassis ball-joint as- 
sembly; (b) the carrier bracket and universal-joint as- 
sembly, which includes the control shaft; and (c) the 
lever and adjusting ball-nut assembly. Fig. 1 shows a 
sectional view of the control and Fig. 2 a perspective view 
of its application to a car. 

The chassis ball-joint is a self-contained universally 
swiveling joint built up from stampings, and provides a 
bearing for one end of the control shaft. This member 
is automatically adjustable for wear and contains a large 
space for the lubricant. The chassis ball assembly at 
the right of Fig. 1 is built up as follows: The stamping 
A is of spherical form at its outer end, with a circular 
opening. At its inner end it is flanged, plate B being 
flanged over A to provide a permanent closure. Two 
holes are provided through A and B for attaching the as- 
sembly to the chassis. The semi-spheres C and D, to- 
gether with the cylindrical bearing H, the diaphragm F 
and the spiral spring G, form a self-adjusting spherical 


~ 


‘ 


i 
y 
7 
f 
; 
} 
- 
i 
i 








Vol. XVII 


July, 1925 No. 1 


rr SSS 


88 THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 


bearing capable of universal movement and carrying the 
transverse bearing-loads put on it by the control shaft H, 
when the brakes are operated. All these points may be 
seen from a study of the illustration. The small threaded 
opening 7 is for the insertion of lubricant. Renewal is 
required only after long periods. 


CARRIER BRACKET AND UNIVERSAL-JOINT ASSEMBLY 


The second major element in the control is the carrier 
bracket and universal-joint assembly at the left. The 
carrier bracket J is a simple casting and provides a bear- 
ing for the camshaft K in which is contained the uni- 
versal-joint, comprising the members L and M, and the 
left-hand end of the control shaft H. The inner end of 
this camshaft has assembled to it a cam N. The uni- 
versal-joint has ample bearing-area and is designed to 
give long life under the constant lightly loaded move- 
ments produced by spring action and steering, as well as 
ample strength for the occasional heavily loaded move- 
ments during braking. This universal-joint is protected 
by the double spherical caps O and P, which work on the 
spherical portion of the carrier-bracket J, are controlled 
in their movements by the control shaft H and are held 
to their work by the spring Q, which, in turn, is held in 
place by the collar R. 

The spring Q not only holds these caps in place, but 
also causes a light tension on the universal-joint and pre- 
vents rattling in any of these parts. Finally, it will be 
seen from Fig. 1 that ample space has been provided for 
a supply of semi-solid lubricant so that the joint will run 
for long periods without attention, especially as centri- 
fugal force plays no part, such as is the case with pro- 
peller-shafts. It is an extremely simple matter to re- 
place the supply of lubricant when necessary, as the 
reservoir supplies all the lubricant required for this end 
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Fic. 2—PERSPECTIVE VIEW OF THE APPLICATION TO A CAR OF THE 
CONTROL-SYSTEM SHOWN IN Fic. 1 

The Resultant Brake Has 335 Deg., or 93 Per Cent, of the Cir- 

cumference of the Drum in Active Contact with the Brake-Lining 


ef the control. The inner end of the bracket utilizes a 
portion of the studs S, Fig. 2, and a flat plate 7, to keep 
the cam and the brakeshoes in position laterally while al- 
lowing them entire freedom from all braking operations. 


LEVER AND BALL-NUT ASSEMBLY 


The third major element is the lever and ball-nut as- 
sembly. This, as will be seen from Fig. 2, is a develop- 
ment of the original design but eliminates a number of 
parts. Lever U is attached to the control shaft by a ser- 
rated hole and clamping bolt. The other end of the lever 
provides a spherical seating for the self-locking nut with 
a ball end V, which has a universal motion in the end of 
the lever. The coiled spring W at the back of the lever 
makes self-locking possible and eliminates rattling. 
Further description of this type of control is unnecessary, 
but it should be noted that all three universal-joints pro- 
vide for angular movement in excess of the amount 
needed for steering, spring action or brake operation. 

The development of a brake suitable for use on all four 
wheels of American cars presented a more difficult prob- 
lem and it was necessary to produce something really 
new. Fundamentally, we felt that the new brakes should 
be suitable for all four wheels, give the maximum effect 
for pedal pressures not greater than those used for the 
best two-wheel brakes, be thoroughly controllable under 
all conditions, give ample power in reverse, and, finally, 
give an immensely increased life over anything in use. 

We believed that external brakes are basically incor- 
rect, if long life is to be obtained, for it is impossible to 
protect them properly from grit and dirt. The problem, 
therefore, was to develop an internal brake with light 
pedal-pressure characteristics, both forward and in re- 
verse. This was accomplished by recognizing the fact 
that the self-energizing characteristics of the Perrot brake 
were applicable; that it was possible, by deviating from 
recognized standards and by providing anchor-points that 
necessitated the overlapping of the anchor ends of the 
shoes, to increase greatly the area of the brake-lining in 
active contact with the shoes; and, finally, to improve the 
reverse braking by inserting a third or auxiliary shoe 
that has its most powerful effect in reverse. 


FEATURES OF THREE-SHOE SELF-ENERGIZING BRAKE 


The resulting Bendix three-shoe self-energizing brake 
is self-explanatory from the drawings, if they are clearly 
understood. 


(1) The primary shoe X (Fig. 2) is articulated to the 
secondary shoe Y at the point Z and is not 
anchored to the brake-drum 

(2) The secondary shoe Y is anchored at A, and the 
auxiliary shoe B, is anchored at C,. To simplify 
the design further the construction of shoe B, is 
identical with that of shoe X 

(3) The shoes are independent and have no intercon 
nection 

(4) The anchor ends of the secondary and of the 
auxiliary shoes overlap, so that the linings may 
come very close together, whereas the actual dis- 
tance of the anchor of each shoe from the heel 
of its lining is considerable. The result of this 
is that the radial movement of the heel of the 
lining is good 

(5) The design is such that the lining surface is con- 
centric with the brake-drum when the brake is 
applied 


The resultant brake has 335 deg., or 93 per cent, of the 
circumference of the drum in active contact with the 
brake-lining, a vastly greater amount than that of any 
other automotive brake. 
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INCREASED LIFE OF LINING 


The movements of the brakeshoes have been worked 
out so as to give practically equal wear on all parts of 
the three shoes, a result produced by the concentric form 
of the shoes and their disposition; consequently, the life 
of the lining is greatly increased. Factors that further 
increase the life of the lining are the large arcs of con- 
tact, which prevent distortion of the drums, and the ade- 
quate protection of the brakeshoes from grit and dirt, 
which is provided for when the means shown in Fig. 3 
are utilized to cover the brakeshoes and the drum. At- 
tention is called to the flange d, on the brake-drum, and 
the turned-over portion of the backing-plate e,. It is prac- 
tically impossible to splash any water or dirt into the 
brakes if they are built in this way. The only way to 
wet the brakes is to submerge the drum. 

It will be seen from Fig. 3 that when the car is going 
forward a very definite energizing action occurs in con- 
nection with the primary and secondary shoes, due to 
the action of shoe x on shoe y through pin z. Under these 
conditions the auxiliary shoe acts in the conventional 
way. When the brakes are applied while the car is going 
backward, the auxiliary shoe materially increases the 
effectiveness of the brake, whereas the primary and sec- 
ondary shoes then act in the conventional way, thus pro- 
viding an effective brake in both directions. The loca- 
tions of the pin z and the anchor pins a, and c, have been 
very carefully selected to provide effective braking, equal 
wear on all parts of each shoe and the maximum clearance 
of the shoe at the wheel, a feature that is important when 
brake-drums manufactured to standard tolerances are 
used. 

Particular attention is called to the cross-hinging of 
the secondary and the auxiliary shoes, as this is instru- 
mental in producing a quick release and the maximum 
clearance when the foot-pedal has been returned to the 
off position. Drum distortion is noticeable by its absence 
in the three-shoe brake, in contrast to some other types. 

This description makes clear the reasons for the results 
obtained with the three-shoe brake, not only from the 
point of view of easy and controllable operation but, 
what is equally important, from that of long life and 
ease of adjustment, when adjustment is required. In 
addition to the functional advantages that the three-shoe 
brake has shown, the design is such that the manufactur- 
ing and service problems are much simplified because of 
standardized designs and interchangeable construction. 


OTHER DETAILS OF CONSTRUCTION 


Other points that might be emphasized are: (a) all 
small parts used in the 12, 14 and 16-in. brakes are de- 
signed for the 16-in. size and are utilized on the smaller 
sizes, as the variations in size are small and (b) all 
brakes of a given diameter are identical and, although 
three shoes are required to make up a complete brake, 
two of the three are also identical. The same is true of 
the control mechanism, the only variables for any size of 
brake are the lengths of the control shafts and of the 
control levers. 

The service problem is simplified, because replacements 
can be made with great rapidity and a set of shoes with 
worn linings can be replaced with a set of new shoes 
complete with linings in a very short time. Another 
point is the simplicity of adjustment, only two are neces- 
sary on the three-shoe brake and both are positive as 
well as simple. They are external adjustments and take 
up wear until the lining has been worn out. It is not 
necessary to remove the brake-drum or wheel until the 
lining requires replacement. These adjustments are: (a) 
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Fic. 3—-MEANS OF PROTECTING BRAKESHOES FROM GRIT AND DIRT 


The Flange d, on the Brake-Drum and the Turned-Over Portion 
of the Backing-Plate e, Make It Practically Impossible To Splash 
Any Water or Dirt into the Brakes 


the take-up cam a, Fig. 3, an eccentric operating against 
the articulating-pin z, that connects the primary and the 
secondary shoes. This eccentric is a stop that controls 
the position of the secondary shoe when the brake has 
been released. To adjust the secondary shoe, the eccen- 
tric is turned until the secondary shoe just touches the 
drum when the latter is rotated. It is then backed off 
just enough to prevent scraping and is locked. After 
making this adjustment, the ball-nut V, Fig. 2, provides 
the adjustment necessary for taking-up wear in the 
primary and the auxiliary shoes. This ball-nut, which 
controls the position of lever U, affects the position of 
the cam N, Fig. 1, the cam, in turn, determining the posi- 
tions of the primary and of the auxiliary shoes when they 
are released. It is interesting to note that the descrip- 
tion of the adjustment is considerably more complicated 
than the adjustment itself and that all adjustments are 
made without dismantling any part of the car. 


FOUR-WHEEL VERSUS TW0O-WHEEL BRAKES 


In connection with any four-wheel-braking system as 
a whole, a number of points should be kept in mind, if 
the best results are to be obtained. First, the user ex- 
pects to obtain the maximum braking-effect that can be 
obtained with four-wheel brakes while using a pedal- 
pressure no greater than that used to obtain the maxi- 
mum braking-effect with two-wheel brakes. 

This means that with a constant figure for the power 
applied, the automobile manufacturer is expected to ob- 
tain more than double the resultant effect. The efficiency 
of the system, therefore, must be more than doubled. 
One way of getting round this difficulty, when ordinary 
brakes are used, is to increase the leverage between the 
pedal and the cam. Without excessive pedal-travel, how- 
ever, it is impossible to get a satisfactory braking-effect 
with a normal pedal-pressure, unless the reserve pedal- 
movement to take-up wear is entirely sacrificed. The 
three-shoe brake, with its servo action and lack of drum 
distortion, reduces the leverage necessary, the braking- 
effect for a given pedal-pressure being practically double 
that obtainable with an external-contracting band-brake 
and three times that of the old external-expanding type. 
These figures were obtained by tests on actual commer- 
cial brakes in our own shops. The tests were of a simple 
nature but were carefully checked. These figures were 
also confirmed by those of Mr. Perrot and by the lever- 
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Fic. 4—IpBAL Hook-Up or a Four-WHEEL BRAKING SYSTEM 
This Consists of Two Independent Braking-Systems, the Foot-Brake 
Operating on the Front Wheels and the Hand-Brake on the Rear 

Wheels 


ages required to give a satisfactory pedal-pressure when 
the three-shoe brakes were substituted for other types. 
With this large initial advantage and by simplifying the 
hook-up mechanism to the limit, it is possible to produce 
a complete braking-system that will stop the heaviest 
car in the minimum distance with reasonable pedal-pres- 
sure and still allow considerable margin for pedal move- 
ment for taking-up wear. To get this result, it is neces- 
sary to use a proper hook-up design without any notice- 
able amount of slack or spring. Although equalizers may 
be necessary on external-contracting brakes, they are 
not necessary on an internal-braking system. They not 
only do not equalize but they increase the number of 
parts that must have slack removed before the brakes 
can operate. Tests on a number of cars have proved that 
a simple hook-up with stiff cross shafts and the minimum 
number of connections gives the best resulis in service 
and stays more truly equalized than do any of the so- 
called equalized systems. 

It is possible to hook-up four brakes on four wheels so 
that the complete system, without equalizers, will pro- 
vide a much greater margin of safety than any system 
with equalizers, even though such a system have five or 
six brakes instead of four. 


IDEAL HooK-UP FOR FOUR-WHEEL BRAKES 


In an ideal hook-up for a four-wheel-braking system 
shown in Fig. 4, b is the foot-pedal, which is connected 
by the rod c and the lever d to the front cross-shaft e, 
which, in turn, has levers f mounted on it that operate 
the front brakes through the rods g. Hand-lever A is 
connected by the rod i to the lever 7, which is mounted 
on the rear cross-shaft k. On this is mounted levers / 
that operate the rear brakes through the medium of rods 
m. Thus, we have two independent braking-systems, the 
foot-brake on the front wheels and the hand-brake on the 
rear wheels. 

Lever d is also connected through rod » and lever o to 
the rear cross-shaft k. The foot-pedal b therefore oper- 
ates the rear as well as the front-wheel brakes. 

The connections between rod i and lever j and rod n 
and lever o are of the over-traveling type, so that, when 
foot-pedal b is operated, hand-lever A is not affected. 
Also, when hand-lever hf is operated, foot-pedal b is not 
affected nor are the front brakes operated. This hook-up 
therefore gives a four-wheel brake, with an independent 
two-wheel braking, using only four brakes on four wheels. 

Simplicity is the keynote of good engineering, and it 
is believed that the system just described achieves the 
end of maximum effectiveness with maximum simplicity. 
It is interesting to note that many European cars, which 
are supposed to be thoroughly engineered, have adopted 
power means for applying the brakes. Such systems are 


complicated and costly and would not suit American con- 
ditions, especially as the simpler, less-expensive and thor- 
oughly standardized three-shoe system is available. 
Special three-shoe brakes that are entirely adequate for 
their purpose have been developed for motorcoaches and 
other heavy vehicles and obviate greater complication. 

Regarding the question of the equalization of braking- 
effect, with so-called “equalizers” of various kinds, it is 
possible to transmit equal force to each brake. This, 
however, does not give an equalized braking-effect, as 
variations in the conditions within the brakes themselves 
will result in unequal effects for which no adjustment is 
available. If no equalizers are present in the system, 
each brake can be adjusted so that the effect on each of 
the four wheels will be the same. Thus, we have a truly 
equalized braking-effect; and it has been found in prac- 
tice that, when a car with no equalizers is thus adjusted 
at the start, it stays truly equalized. 


SUMMARY OF ADVANTAGES OF THREE-SHOE BRAKES 


Some of the advantages of the three-shoe braking-sys- 

tem may be summarized as follows: 

(1) Not only is 30 per cent more lining provided for 
a given diameter and width of drum, but all the 
lining in contact is effective. In worn shoes of 
the conventional two-shoe type, or of the ex- 
ternal-band type, the lining near the anchor 
ends, when worn, shows much less wear than 
at the actuating ends. This indicates that the 
anchor and the contact are less effective. In 
terms of effectiveness, therefore, it can justly 
be said that the three-shoe brake has at least 
40 per cent more lining in effective contact than 
has any two-shoe brake 

(2) Owing to the uniform movement of the shoes and 
their concentric engagement, the wear on the 
lining is very uniform 

(3) The construction of the brake-drum and the back- 
ing-plate makes the brakes absolutely weather- 
proof 

(4) The combination of the above points results in a 
brake that has a much increased life of lining 

(5) The combination of the servo feature with the 
three-shoe brake makes the brake about twice as 
effective as a conventional band-brake, and three 
times as effective as the old two-shoe internal- 
type brake 

(6) Owing to the fact that the three-shoe brake re- 
quires from 15 to 30 per cent less angular move- 
ment of the shoes to secure a given clearance 
than does the two-shoe brake, more of the pedal 
movement is available for taking-up wear 


FOUR-WHEEL BRAKES 


The question has been asked many times regarding 
the chief advantages of four-wheel brakes. The answer 
may be condensed into the following statement: Four- 
wheel brakes, when properly set-up, are more than twice 
as safe as two-wheel brakes under any braking condi- 
tions. Briefly, the reasons are (a) less tendency to skid, 
because the braking-effect is divided between four points 
of contact with the road; (b) front-wheel brakes have a 
definite tendency to hold the car straight; (c) inasmuch 
as the braking strain is divided over four wheels, the 
stress on each tire is reduced; (d) incidentally, this re- 
duction of stress increases the tire life and (e) the divi- 
sion of braking-effect reduces the wear of the brake-linings 
and keeps the brakes effective for a longer period. 

Four-wheel brakes are here to stay. The percentages 
of American cars equipped with four-wheel brakes in the 
last 3 years are as follows: 1923, 1.3; 1924, 11.8; 1925, 
44.3. 
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ABSTRACT 


WO distinct sets of impressions arise from riding 

in an automobile, one purely physical and the other 
mental. These impressions are called “insults” by 
specialists who deal with this subject. The physical 
and mental impressions are constantly contending for 
the decision regarding the riding-qualities of any car, 
and all opinions vary with the physical and mental 
state. Individuals disagree as to what is and what is 
not an agreeable riding-quality, yet the engineer must 
arrive at a composite of expressed ideals and decide 
what characteristics a car should have, to be generally 
satisfactory and win success. 

Reconsideration of past experience is the first step 
in research work and, therefore, the author seeks to 
induce reflection and to secure for the assistance of the 
Research Department of the Society a definite expres- 
sion of the knowledge that lies buried in the experi- 
ences of the members. He recounts his own experience 
on his first automobile ride and describes the car and 
his impressions to illustrate the characteristics that a 
car should not have. 

The physical pleasure of riding is in mild exercise 
and the sensation of moving, but the mental pleasure 
comes from change of scene and of thought. Quick 
changes are most gratifying to emotion, which has 
been defined as the reaction to an interrupted habit. 
We like quick acceleration and deceleration because of 
the rapid change they give, but we pay a high price in 
fuel consumption for the ability to accelerate rapidly. 

Vibration and noise, however, are physical and men- 
tal insults, the perceptions that cause fatigue, pain 
and fear all being induced by the disturbance a car 
makes. It is the number of impulses conveyed to the 
brain in a given time that causes weariness, hence the 
number and magnitude of vibrations must be reduced 
to the minimum. Many chassis and body parts have 
natural periods of vibration that synchronize with vi- 
bration periods of the engine and vibrate excessively 
and noisily when the engine falls into their periods. 
Such parts, the author asserts, should be designed not 
alone with a view to securing proper strength but to 
guard against synchronous vibration due to elasticity 
of the parts. It is easy to prevent the starting of 
vibrations but considerable force is required to stop 
them when developed. Engine vibration should be 
isolated from the chassis and as much care should be 
given to balancing the clutch, drive-shaft and uni- 
versal-joints as to balancing the crankshaft and the 
flywheel. 

The effects on riding-qualities of hard steering, bad 
springing, narrow seats, instability of the foot on the 
throttle, and poorly-designed body hardware are dealt 
with adversely and those of balloon tires and four- 
wheel brakes favorably. The uncomfortable seats of 
trucks are characterized as a crime against good rid- 
ing-qualities and a plea is made to truck manufactur- 
ers and users to remedy the fault. Among the specific 
suggestions for improvements in cars are that (a) the 
foot clip on brake pedals be located on the right-hand 
side, (b) means be adopted for securing stability of 
the foot on the throttle, (c) chassis be designed with 
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the aid of a tuning-fork and (d) development work 
along the line of high driving-gear ratios without the 
accompaniment of fourth-speed growls be carried on. 


HE principal objects of this paper are to let you 
know one of the phases of research work now 


under way in the Research Department of the 
Society and to start your thoughts searching about in 
your experience to bring to mind a reasonable view of 
the facts. A vast amount of experience of which we 
have knowledge exists but this knowledge never has been 
given definite expression. It is hoped that the Research 
Department will receive the benefit of your experience. 

A majority of. our members are designing and build- 
ing cars and trucks for the public’s satisfaction. In all 
of these cars a general transportation utility is attained 
before the question of riding-qualities comes to mind. 
Most of us think we are rather good judges of riding- 
qualities. Some of us are of the opinion that few per- 
sons are competent to judge accurately what the public 
really likes. The strange thing about riding-qualities is 
the disagreement among individuals as to what is and 
what is not a good riding-quality. Notwithstanding the 
instruments with which Nature has endowed us, sensi- 
tive as they are, we form judgments of riding-qualities 
that are as varied and strange as individuals themselves. 
Men change their opinions from day to day; their opin- 
ions vary with the weather, with the state of their 
finances and their domestic tranquillity, and the user is 
much more critical when the car is not paid for, particu- 
larly when the last payment is due. 

Determination of good riding-qualities is no different 
from any similar endeavor. Dr. Charles Eliot, president 
emeritus of Harvard University, has written in his book 
The Late Harvest: 

Most Americans, educated or uneducated, rich or 
poor, young or old, except the men well trained for the 
medical, the artistic or the scientific professions, can- 
not see or hear straight, make an accurate record of 
what they have seen or heard, or exactly tell within 
an hour what they supposed themselves to have seen 
or heard or draw the just inference from the prem- 
ises, true or false, that they accept. 


It is in a world of such minds, which constitute the 
buying public, that the engineer is expected to reach a 
conclusion as to what is generally considered good riding- 
qualities. 

MIND BECOMES OBSESSED BY A FAULT 


A friend of mine had for several years driven a cer- 
tain excellent make of car and liked it so much that he 
was using his third model when he came to me one day 
and said that a man owning a car of the same make had 
called his attention to the vibration at a speed of 31 
m.p.h. He inquired if I had ever noticed it. This was 
about the only thing I had noticed about the car except 
its good looks, and, without considering what the effect 
would be, I told him just what I felt. From that moment 
that car was junk to him; the only thing he could ob- 
serve about it was the vibration period at about 31 m.p.h. 
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and he said he could not drive it without unconsciously 
dropping into tnat period. Thinking that the new model 
might be free from the period, which of course the 
agents assured him it was, he bought one and, wanting 
to keep an old customer satisfied, the agents spent $500 
trying to take the period, which had been much re- 
duced, entirely out of the engine. The agents might have 
succeeded in reducing the period until it was impercepti- 
ble but I venture to say that they could not have re- 
moved the effect of the mental insult that I so uncon- 
sciously accentuated. The matter ended logically by my 
friend buying an entirely different make and type of car. 

This incident illustrates the operation of only one of 
the more striking influences that affect decisions regard- 
ing riding-qualities. Once a defect or disagreeable inci- 
dent occurs with a car or truck, the driver becomes 
supersensitive to that one thing. When it occurs again, 
he becomes suspicious and the third occurrence makes an 
irrational creature of him. Nine-tenths of the average 
complaints about a product are due to mental effects. 
Our own service-men are instructed never to overlook 
this even when a real cause for complaint exists. We 
endeavor, of course, always to correct any trouble, but 
correction of the physical defect is considered only a 
part of the matter. The mind of the customer must be 
put back as nearly as possible into its original state of 
confidence and ease, a result that is seldom fully at- 
tained. A bad performance leaves a scar in the mind; 
the wound will heal but the scar remains. 


IMPRESSIONS BOTH PHYSICAL AND MENTAL 


To enjoy a car, the user needs to have in mind some 
favorable preconception or ideal. Some experience or 
confidence must give him pleasant anticipation. Riding 
must be a fulfilment of this expectation. Every scar re- 
sulting from an adverse experience is a reminder, by 
contrast, of the pleasurable experience. The question of 
riding-qualities is of sales interest and eventually the 
engineer must arrive at the composite of many of the 
expressed ideals. The advertiser not only has to cater to 
the experienced motor-car user who knows what he likes, 
but must also set up a picture of riding-quality that the 
prospective new buyer can hope to experience. The 
specialists who deal with physical and mental impres- 
sions, either delicate or rising to the seriousness of an 
injury, have given the very appropriate name “insult” to 
them. They tell us that two impressions spring from 
every insult, one purely physical and the other mental. 
In dealing with riding-qualities we are dealing with the 
physical and mental impressions that influence the ever- 
changing decisions regarding performance, which can be 
put down under the three classifications: (a) pleasur- 
able, (b) customary and (c) unpleasant or painful. 

Most persons, if asked whether they would enjoy 
riding on an absolutely smooth road, would say that it 
would be ideal. It might be very pleasant for awhile, 
from a purely physical standpoint, but it would become 
very monotonous and devoid of those elements of adven- 
ture, uncertainty and change that are the very essence of 
pleasure. The physical pleasure of riding is in the mild 
exercise and the sensation of moving. The mental pleas- 
ure is in the changing of scenes and the relief from cus- 
tomary sights and, what is more important, leaving care 
and trouble behind and escaping the extreme boredom of 
living with one’s old thoughts. 


EFFECTS OF EXCESSIVE VIBRATION 


The perceptions that cause fatigue, pain or fear are 
all connected with the amount of fuss a car is making. 


To illustrate, I recall the first ride I ever took in an 
automobile. It was in a Northern runabout, with a one- 
cylinder engine, very short wheelbase, tiller steer and 
flat seat with a straight back. The driver’s eyes were 
about 614 ft. above the ground. He could see the road 
6 ft. ahead of the car and no side doors were provided. 
The springs conspired with the short wheelbase and 
jumping engine to make the car shake up and down 
rapidly. It had an oscillation period of more than 100 
per min. Because of the height and of the rapidity and 
the magnitude of the shaking, one had the fear of being 
thrown out on the road ahead, and the fact that you 
could see the ground so close ahead and at the side gave 
the impression of high angular velocity. The vibration 
of the engine was heroic and perhaps more than any- 
thing else gave the impression of speed although the 
shaft was not rotating-faster than 1000 r.p.m. and the 
car was not traveling more than 15 m.p.h. The vibra- 
tions undoubtedly had an amplitude of % in. and were 
nerve racking. The Bureau of Standards has found 
that vibrations of the automobile seat of 0.001 in. can 
be disagreeable and I have determined that really pleas- 
ant riding is not done at an engine speed much above 
1000 r.p.m. Fatigue increases rapidly at higher speeds. 
It is the number of impulses sent to the brain in a given 
time that tire, therefore it is important to keep the 
severity of the number of vibrations per hour at the 
minimum. Observations show that the engine speed 
should not exceed a certain figure and at this speed, for 
long touring, the impulses should be imperceptible. The 
Bureau has constructed a machine for testing these fac- 
tors and it is hoped that the results of the tests will be 
available this year. 

One exception to the general importance of riding- 
qualities should be mentioned. Comfort and convenience, 
that would be absolutely necessary on cars used for 
pleasure, are of less importance in cars used for busi- 
ness purposes. When cars are used for business, as the 
majority are, the most satisfactory quality is the ability 
to go where the driver desires to go and to return. Men 
will discount a collection of bad riding-qualities in favor 
of consistent performance, particularly if the first cost 
of the car is low and if the cost per mile of operation 
apparently is low. 


SOME REMEDIABLE FAULTS IN CARS 


Extremely hard steering is among the more disagree- 
able riding-qualities. A bad epidemic of this now seems 
prevalent with the use of balloon tires and it undoubtedly 
is cutting down the driving by women and by men also. 
I doubt if balloon tires and the soft riding they give 
can overcome the sales resistance that many cars are 
developing in their steering columns. The days of easy 
steering with two fingers are past and now the daily 
dozen exercises above the waist is changed to the daily 
1000. This is the outstanding defect in some cars. 

Apparently the expression of the thoughts and feel- 
ings of thousands of women was necessary before it be- 
came evident that cloth seat-upholstery was more accept- 
able than leather. Leather will put a shine on a man’s 
trousers and coat six times as fast as does cloth, and I 
have heard of women who never sit down fully and com- 
fortably in a leather upholstered car for fear of taking 
some of the finish off with the dress. Many seats in 
the newer cars are too wide for two persons and too 
narrow for three and I have learned of a number of 
owners of very old cars who will not buy newer models 
because of the narrow seats. 

Some cars have a bad habit of acting like a blanket- 
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drill; it seems as if the designer’s object was to see how 
much oftener the occupant of the rear seat could hit 
the top of the car than the seat. No excuse for this 
exists at this late date, for not only the springs but the 
seat can be made so that bumps will not throw the pas- 
sengers through the top but will allow them to continue 
firmly on the seat. I understand that the Yellow Cab Co. 
has reduced to the vanishing point the number of law- 
suits arising from this cause. 

The greatest crime against good riding-quality that 
I know of is in the design of motor-truck seats. This 
applies to the cushion as well as to the back and to the 
general posture that the driver has to assume. I do 
not believe it is possible to appreciate or to overestimate 
the suffering, fatigue, accidents, loss of health and 
lowering of efficiency that arise from this one cause. 
Trucks must be mounted on stiff springs and hard tires, 
whether the tires are solid rubber or pneumatic, and 
road shocks are communicated up the spine and to every 
fiber of the body and the brain. It is a reflection on our 
intelligence as engineers and on our mercy as men that 
this treatment should continue. I plead with every truck 
manufacturer and every owner of trucks to do every- 
thing in their power to make the seats for drivers more 
comfortable, and I can imagine no more effective way to 
increase the efficiency of truck drivers than to give them 
more comfort. 

Last summer, while making a turn with the brakes 
applied my foot slipped and I took away the gate at the 
entrance of our plant and only by good fortune avoided 
a bad accident. Since then I have looked widely and 
found that many brake pedals have the foot clip on the 
side next to the clutch pedal instead of on the right side 
of the foot pad. I am convinced that this is bad prac- 
tice and I could not drive a car in comfort with this 
arrangement. 

A lamentable absence of means for keeping the foot 
throttle steady has also been noticed. With the bobbing 
of the car resulting from the use of balloon tires and the 
peculiar springing, the instability of the foot on the 
throttle causes the engine to act in tune with the bobbing 
of the car until one feels that he is riding the dappled 
horse of the merry-go-round. Nine out of 10 foot 
throttles are absolutely responsible for some of the bad 
riding-qualities of cars. It is impossible to drive for 
2 hr. without getting a cramp in the foot; your leg will 
go to sleep or your muscles will be paralyzed somewhere. 
If some engineer with a slight knowledge of anatomy 
would draw a seat with a man in it and draw a straight 
line from the knee joint down through the ankle center 
and extend the line to the floor-boards, it seems to me 
that he would, with a little experimenting, arrive at an 
analysis that would enable him to locate a pivotal point 
that would be neutral to the movement of the driver’s 
body and yet allow the throttle to be restful to the foot, 
easy to operate accurately and a comfort on long drives. 
It will be a great comfort, when this new throttle pedal 
is common, to finish a 300-mile ride and alight with one 
leg as straight as the other and equally responsive to a 
pin thrust. 


SYNCHRONOUS VIBRATION OF PARTS 


At the risk of over-emphasizing a great fault, atten- 
tion is called to the cause of many a ragged nerve; that 
is, to the parts of a chassis and car body that synchronize 
in vibration with the engine. It is understood, of course, 
that engine vibration must be reduced to the minimum, 
even if it is necessary, for sales reasons, to go to 8 and 
12-cylinder engines, and I am heartily in favor of any 
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design that will make the engine free from periods or 
that will eliminate any stray or rampant engine vibra- 
tions. Regarding synchronous vibrations, it seems that 
it must be evident to anyone who knows his physics that 
noise is due to vibrations and that something on the 
chassis gives expression to them. So long as any revolv- 
ing or reciprocating parts in an engine are in motion, 
vibrations will occur. The vibrations can be isolated 
from the chassis and the whole machine designed so that 
no part of it will have a period above the slow speed 
of the engine and below its high speed. 

The time is here to design a car with a tuning-fork. 
This, I learn, is particularly true of gears, pedals, brake 
levers, radiator rods, foot-board brackets, lamp brack- 
ets, windshield connections, steering columns, floor- 
boards, brake rods, doors and door glasses. It would be 
a commonplace merely to mention these; the whole pur- 
pose is to emphasize the fact that every part that vi- 
brates does so because of its own natural period as well 
as in response to some outside influence. That the am- 
plitude may be in proportion to the amount that the 
part in which the vibrations originate is out of balance 
is granted but the vibrations can be suppressed entirely 
by proper design. It is astonishing to see how effectively 
this can be done merely by changing the period of the 
responsive part; the result seems almost a miracle. Per- 
haps the reason why so many parts offend needlessly is 
because they are designed for their primary function 
entirely with a view to correct strength, forgetting the 
elastic phase or deflection limits permissible under acci- 
dental stray vibrations. 

At innumerable places throughout the chassis the 
parts could be stressed to four times that allowed but 
they must be stronger for reasons of elasticity. If we 
approach the problem from this viewpoint, I am sure 
that real progress can be made. It is not necessary to 
tie down the vibrating part. The design of connections 
is responsible for some very good and some evil results. 
What has been said aptly of the torsional vibrations of 
crankshafts must be remembered, namely, that it takes 
very little to prevent a part from vibrating but a con- 
siderable force to stop it, once it starts vibrating. This 
is the rule of first importance when dealing with any 
vibration. The radio engineers certainly can tell us 
considerable about synchronous vibrations; all of the 
rules herein mentioned are dealt with in radio practice. 
However, most loud-speakers produce striking examples 
of sounds and vibrations that are not wanted, such as 
we have on automobiles. 


CLUTCH AND DRIVE-SHAFT NEED BALANCING 


Many vibrations for which engines are blamed are 
developed in the universal-joints and the drive-shafts, 
and it seems certain that these are among the most com- 
mon, annoying and difficult of all vibrations to overcome. 
The clutch is in the same category and it is remarkable 
how much care can be bestowed on balancing the fly- 
wheels and the crankshafts only to be nullified by the 
clutches. Builders of first-class cars can do nothing that 
will be more effective in improving the riding-qualities 
of their cars than to do a careful job of balancing all of 
these parts. We have found that, in the balancing of 
engines, great care is spent on the crankshaft and not 
enough on the flywheel and those elements in the chassis 
that hold the flywheel in position so that it will run as 
balanced. A striking example of what can be done has 
come to attention in the case of a well-known car that 
was put through a clinic and completely and perfectly 
balanced from crankshaft to axle shafts. Not only was 
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it wonderfully improved in riding-qualities, but the 
mileage per gallon was increased beyond the claims of 
ecarbureter manufacturers. 

Vibrations constitute a large part of the problem of 
riding-qualities. Many of the phases of vibration are 
being considered by the Riding-Qualities Group of the 
Research Committee of the Society and by the Bureau 
of Standards. Undesirable riding-quality may lie be- 
tween vibration periods ranging from 70 per min. to 
9000 per sec. This range takes in the oscillation periods 
of the chassis and the whole range of sound. With re- 
gard to engine vibration, attention is called to the work 
that L. C. Freeman has done and to the fact that work 
is going on now based on the principle that no need of 
the chassis taking the disagreeable vibrations from the 
engine exists. Some engines are being mounted in the 
frames on rubber blocks and others on springs. 

Door handles and other body hardware have reached a 
high state of development but, while this hardware has 
risen high in finish, it has sunk low in utility. The dif- 
ficulty with which door latches are opened, the ease with 
which doors fly open and the breaking of glasses when 
the doors are slammed sufficiently hard to close them se- 
curely, is alarming. 

Nothing need be said of the comfort to be derived 
from the longer wheelbases except to point out that the 
number of cars it is possible to operate on the roads and 
to park in the city streets and profits to the manufac- 
turers are generally inversely proportional to the length 
of the wheelbase, a fact which means that eventually, if 
not now, great stress will be put on improving the riding- 
qualities of short-wheelbase cars. Moreover, not only 
styie but a reduction of sidesway is very apparent as the 
chassis frames are lowered. 

RECENTLY DEVELOPED IMPROVEMENTS 

Balloon tires are among the promising improvements 
that are developing rapidly. They have cost the tire in- 
dustry enormous amounts of technical study and money 
in development and they are still developing a vast 
amount of experience as to what is the most practical in 
design and the best compromise of all the factors in- 
volved. They have added immeasurably to better riding- 
qualities of cars on all kinds of road and are accountable 
for a great reduction in car-upkeep costs which never 
will be fully measured or appreciated. A period of great 
development for them lies ahead of us, although they 
already have added large values to cars and have been a 
great benefit to the industry. Together with four-wheel 
brakes, however, they have brought the problems of bob- 
bing, swaying and shimmying, which will be conquered 
when better understood. Here, again, the facts about 
vibrations are pertinent and the rule applies that a little 
effort will prevent an oscillation starting. The Riding- 
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Qualities Group of the Research Committee will be glad 
to receive your ideas and will take them into account in 
its deliberations. 

Four-wheel brakes are certainly a permanent develop- 
ment. They add comfort by giving a sense of security 
which is erroneous, without experience with them, but 
with experience and familiarity in driving with them, 
they finally give considerable satisfaction to the driver. 
But I consider the feeling of safety a secondary matter 
so far as the appeal of four-wheel brakes is concerned. 
They permit of higher average speed, which is of value 
and gives pleasure, and they permit more rapid accelera- 
tion, that all Americans like, even when no particular 
need for it exists, and more rapid deceleration, both of 
which are pleasurable because of the rapid change. A 
philosophy of change is connected with human enjoy- 
ment; we react to experiences the more frequently they 
occur to us. It is the quick changes in humor, in the 
action of the drama and in relaxation from work that 
are most gratifying to the emotions and therefore most 
enjoyable. Emotion, which is what we create by giving 
satisfaction in riding, is defined by some man as the re- 
action to an interrupted habit. 


HIGH PRICE OF ACCELERATION 


Americans pay a high price for the pleasurable riding- 
quality of quick acceleration. I have estimated that at 
least 22 per cent of the fuel consumed is expended in 
carrying around an ability to accelerate quickly and in 
the liberal use thereof. The English like acceleration, 
too, but they like it on second speed, with the illusion of 
great action that arises from the noise of the gears and 
the bumpiness of the car on second speed. We take the 
acceleration on high-speed gear, and this leads to our ex- 
tremely high rear-axle ratios. It would stagger the 
Nation to know what could be accomplished with ratios 
that would make the engine pull. We are sacrificing 
smooth engine-operation in average driving for great 
acceleration and hill-climbing ability. A great improve- 
ment is now awaiting development in which high gear- 
ratios can be had without accompanying fourth-speed 
growls. 

To treat the subject of riding-qualities fully would be 
to write the history of the automobile industry. The 
matter presented herein is merely a reconsideration, 
which is the first part of research. It is not the desire 
of the Research Department to invade the province of 
the engineer in his endeavor to express ideals but rather 
to develop general principles that will be of value to con- 
sider at all times during the period of designing. Its 
most significant function is to assemble the laws of 
Nature as known to science and present them in such 
form as will aid in applying them to our daily problems. 
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ABSTRACT 

EVELOPMENT of the uses of electricity having 

begun approximately three decades ago, about the 
time that the automobile made its appearance, the ap- 
plication of electricity to the needs of the automobile 
has enabled manufacturers to meet the demands of 
the public for its production. When electricity was 
applied to starting the internal-combustion engine and 
to lighting the automobile 15 years later, the popular- 
ity of the automobile greatly increased. Now, 5 per 
cent of the weight and nearly 10 per cent of the selling 
price of a five-passenger sedan represent electrical 
apparatus that adds to the comfort and convenience 
of the public. 

Inasmuch as practically all transportation of pas- 
sengers in cities and suburbs during this period has 
been carried on by electric street railways, they have 
reached a high state of development and efficiency, and 
the experience of the companies with electric motors 
has established great confidence in their reliability and 
durability under all conditions of service. Realizing 
that new conditions have arisen, the public utility com- 
panies now look to the motorbus to act as a feeder to 
their lines and to relieve the pressure of traffic by 
utilizing boulevards and highways on which rails and 
trolley wires are not permitted. 

Beginning with a description of the first applica- 
tion of the electric drive to motorbuses in this Country 
in an experimental single-deck vehicle operating on 
Fifth Avenue, New York City, in 1904, the author fol- 
lows the course of its progress up to the present time. 
In 1908, 10 electric-driven motorbuses were placed in 
operation and continued over that route for 6 years, 
together with similar DeDion buses equipped with me- 
chanical drive. In 1909, 25 additional mechanically 
lriven motorbuses were ordered because they were 
availeble, whereas those of the electric-driven type, 
although they had proved successful, were not yet in 
regular production. 

Having been tried in motorbus service, the electric 
drive was then extended to railroad passenger cars; 
later, in connection with Diesel engines, it has been 
applied to ship propulsion, and, more recently to oil- 
burning locomotives. In England, out of more than 
1300 electric-driven motorbuses built by the Tilling- 
Stevens organization, 460 were put into service by the 
London General Omnibus Co. 

A modification of the electric-drive system in which 
all the electrical energy passes directly through the 
driving-motors has been recently devised by Prof. 
Morton Arendt, of Columbia University, and includes 
a storage-battery. Illustrations and wiring diagrams 
of this and of numerous other systems are shown, in- 
cluding the Yellow Coach motorbuses in use by the 
Philadelphia Rural Transit Co., of Philadelphia, the 
Fageol Motor Co. motorbuses used by the Capitol Dis- 
trict Transportation Co., of Albany, N. Y., and the 
single-deck White chassis operated by the Northern 
Ohio Traction & Light Co.; and space is given to a dis- 
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cussion of the advantages of the electric over the 
mechanical drive. 


Y a singular coincidence, two new industries had 
their beginning about 30 years ago. The practical 
use of electricity in the affairs of man and the 
appearance of the automobile a little later were destined 
together to exert a great influence on modern civiliza- 
tion. The rapid growth of these two forces has been 
unique; today they stand among the first of the great in- 
dustries. Both represent the latest creations of the 
human mind. The use of electricity has enabled manu- 
facturers to meet the demands of the public in the pro- 
duction of the automobile. 
Although electricity had been employed for many years 
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Fic. 1—EXPERIMENTAL SINGLE-DecK Mororspus BuILT IN 1904 


Many Interesting Details Were Included, Among Which Was 
Electric Starting. The Construction of 10 Electric-Driven Motor- 
buses Followed In 1907 


for the purpose of ignition, it was not until 1911 that it 
was adopted commercially for starting the internal-com- 
bustion engine and for lighting the automobile. With- 
out doubt, this single innovation, more than any other, 
served to bring about the great popularity of the gasoline 
automobile, for it removed forever the necessity for phy- 
sical exertion in starting the engine and at the same 
time simplified the lighting problem. 

Few realize, perhaps, that the regular electrical equip- 
ment of a passenger car embodies, on a small scale, al- 
most every device known to the art for the generation, 
control, measurement, storage and use of electrical en- 
ergy. A recent study has disclosed the somewhat sur- 
prising fact that 5 per cent of the weight and nearly 10 
per cent of the selling price of a five-passenger sedan 
represent the electrical apparatus that the public con- 
siders necessary for its comfort and convenience. 

Until the appearance of the motorbus a few years ago, 
practically all transportation of passengers in cities and 
suburbs was carried on by electric street-railways with 
overhead or underground trolleys and, as a result, this 
system has reached a high state of development and or- 


1M.S.A.E.—Engineer, automotive department, General Electric 
Co., Lynn, Mass. 


ganization, of low operating-cost and high efficiency. It 
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2—DovusBLE-Moror MoTorBuUsS 
Thus Equipped Were Placed In 
Continued On the Fifth Avenue 
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Operation In 
Route for 6 


Buses 1908 and 


Years 

is safe to say that, for heavy city traffic, where un- 
limited power, high acceleration and large carrying- 
capacity are needed, the electric street-railway can easily 
hold its own. Public utility companies, however, have not 
been slow to realize that the new conditions which have 
arisen within the last few years have greatly affected the 
problem of passenger transportation. These, briefly, are 
the serious traffic congestion caused by the ever-growing 
number of private automobiles and motor trucks and the 
rapid and successful development of the motorbus with 
its freedom from the restraint of rails and trolleys. Here 
is a new point of contact between the great electrical de- 
velopment that has been going on for many years and 
the automotive industry. Fortunately, the public utility 
companies, with their city franchises and long experience 
in handling passengers safely, comfortably and cheaply, 
have realized the significance of the motorbus; and, on 
the other hand, the motorbus manufacturer is keenly 
alive to the possibilities of a new field for his product. 

Two factors in the transportation world are now work- 
ing together to give the public the best and most accept- 
able service; the public utility company must look to the 
motorbus to act as a feeder and to relieve the pressure of 
traffic by utilizing the great boulevards and motor high- 
ways on which rails and trolley wires are not permitted. 
The experience of street-railway companies in the suc- 
cessful use of electric motors and control, covering a long 
period of years under all conditions of traffic and in all 
seasons, has established great confidence in their relia- 
bility and durability. It is this experience that has led 
them to a serious consideration of the electric drive for 
motorbuses; and the automotive engineer has responded 
in a splendid spirit of cooperation in adapting the motor- 
bus to meet the new conditions. 

Aside from the considerations already named that 
tend toward the use of the electric drive in combination 
with the internal-combustion engine for propelling motor- 
buses, an examination of patent-office records and auto- 
motive publications covering a period of more than 30 
years shows the sustained activity and endeavor made in 
this field, and indicates that simplicity, continuous torque, 
ease of control and durability have been appreciated from 
the earliest days of the industry. No attempt will be 
made to enumerate or to discuss the many efforts of in- 
ventors and engineers to embody the electrical idea in 
and adapt it to the automobile. A study of the early at- 
tempts, however, is most interesting and profitable. The 
fact that the basic idea of the electric drive has persisted 
throughout all these years, in spite of the many failures 
and discouragements common to the early days of any 
new art, is evidence that the practice of shifting gears 
with several reductions, in combination with a clutch for 
disconnecting the internal-combustion engine, has not 
measured-up to the highest ideals; the use of electricity, 
therefore, has been invoked to supply a transmitting de- 








2 See Street Railway Journal, Dec. 2, 1905, p. 986; 
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vice better adapted to utilizing the characteristics of the 
gasoline engine and to allowing full use of the advantages 
of this modern prime-mover. 


EARLY FIFTH AVENUE BUSES 


The first important use in this Country of the electric 
drive for motorbuses was in 1904, when an experimental 
single-deck motorbus shown in Fig. 1, was designed and 
built by the General Electric Co. for the New York 
Transportation Co. for use on Fifth Avenue, New York 
City. This served to work out many interesting details, 
both mechanical and electrical, including electric start- 
ing, and led to the construction of 10 electric-driven 
motorbuses by the same company in 1907. These were 
placed in operation in 1908 and continued on that route 
for 6 years, together with similar double-deck DeDion- 
Bouton buses having mechanical drive. The chassis of 
these buses is illustrated in Fig. 2. The fact that elec- 
tric-driven motorbuses remained in service on the prin- 
ciple avenue of the largest city of this Country indicates 
that they must have operated on schedule and with a 
reasonable degree of efficiency. 

Both these motorbuses were designed and built under 
my direction and I was in constant contact with the un- 
dertaking. All were equipped with the double-motor elec- 
tric drive, one being changed in 1911 to the single-motor 
drive. The principal difficulty with these machines was 
that the engines, which were of special design, had not 
been sufficiently developed, and they were later replaced 
with DeDion-Bouton engines. 

The first double-deck DeDion-Bouton motorbus was 
placed on Fifth Avenue late in 1906, being followed by 
16 of the same make in 1907. The 19 electric-driven 
motorbuses referred to having been placed in commission 
in 1908, the question arose early in 1909, as to what type 
of transmission should be used in 25 additional motor- 
buses that were about to be ordered. The president of 
the operating company stated at that time that the elec- 
tric transmission feature was a complete success and 
that if the results of the test of the single-motor bus 
had been known, the order would not have been placed 
abroad for mechanically driven buses. Furthermore, 
electric-driven chassis were not in regular manufacture 
and, consequently, were not available in time to meet 
the demands of the New York Transportation Co. These 
points are mentioned in answer to the question why so 
promising an undertaking was seemingly abandoned. 

From an electrical standpoint, these motorbuses dem- 
onstrated the practicability of the electric drive for their 
propulsion and may also be considered as the first con- 
siderable group of motorbuses of any kind designed and 
built in the United States and used in regular service.’ 
The wiring diagram of these buses is reproduced in Fig. 
3. 

After this early start came a period of comparative 
quiet in the motorbus business, followed by the so-called 
“jitney bus,” which was usually mounted on a standard 
chassis, carried only a small number of passengers and, 
for the most part, was operated by an individual or small 
owner independently of the public utility companies. The 
jitney-bus era continued for years, but jitney-buses were 
found to be an unsatisfactory attempt to solve the trans- 
portation problem for cities and suburbs owing to the 
lack of reliability of the service. These buses, more- 
over, did not prove financially successful for they had 
not been specially designed and built to meet the severe 
demands of public service. 

About the time that the electric drive was being tried 
out in motorbus service, it was also successfully em- 
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ployed for railroad passenger-cars and later, with the 
Diesel engine, for ship propulsion. The most recent de- 
velopment is in connection with oil engines for locomo- 
tives. In each case, the electric drive has served to 
smooth out the irregular impulses of the internal-com- 
bustion engine. 


ELECTRIC DRIVE IN ENGLAND 


The idea of the electric drive has found practical ex- 
pression in England where the Tilling-Stevens Motors, 
Ltd., of Maidstone, began experimental work on them in 
1907, and from 1911 to the present time, has built and 
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TILLING-STEVENS SINGLE-DECK ELECTRIC-DRIVEN VEHICLE 
Of the 3000 Motorbuses of This Description That Have Been Built, 





Brake Switch } 460 Were Operated by the London General Omnibus Co. 
1] 
“ put into service more than 1300 electric-driven motor 
Generator Series Field buses. Of this number, some 460 are operated by the 
; : London General Omnibus Co. and the Thomas Tilling, 
Starting Switch td. for motorbus service in London. Fig. 4 shows a 
SU LILILIULIL single-deck vehicle. The electric-driven buses have about 
Battery the same fuel consumption as the standard London Gen- 
Fic. 3—WirRInG DIAGRAM oF DOUBLE-Moror CHASSIS eral Omnibus Co.’s vehicles, the maintenance charge, 
These Buse . Seems ne, Reem Considerable Group of Buses -“ however, being from 10 to 15 per cent less. 
aaa atiecoa ie ae Big cos en ee eee The Tilling-Stevens system consists of a shunt-wound 
TABLE 1—DATA ON EARLY FIFTH AVENUE MOTORBUSES 
General Electric DeDion-Bouton General Electric General Electric 
Electric-Driven Mechanically Electric-Driven Electric-Driven 
Data Bus, Double-Motor Driven Bus Bus, Double-Motor Bus, Single-Motor 
Date of First Run Sept: 14, 1905 September, 1906 May 15, 1908 September, 1910 
Number of Motorbuses 1 a 10 1 
Type of Body Single-Deck Double-Deck Double-Deck Double-Deck 
Number of Passengers 30 16 inside, 18 outside 16 inside, 18 outside 16 inside, 18 outside 
Weight of Chassis, lb. 10,000 5,620 5,967 5,550 
Weight of Motorbus, lb. 15,500 9,070 9,417 9,000 
Weight of Moto1bus, 
Loaded, lb. 20,000 14,170 14,517 13,500 
Engine, Type Gas Engine & Pow- DeDion, Four-Cyl- DeDion, Four-Cyl- DeDion, Four-Cylin- 
er Co., Four-Cyl-  inder, 4.2x5.2-in. inder, 4.2x5.2-in. der, 4.2x5.2-in. 
inder, 6x6-in. 
Electric Generator TD, Six-pole, 110- Gear Box and TD, Six-pole, 125- TD, Six-pole, 125- 
volt, 55-amp., 600- Clutch volt, 60-amp. 900- volt, 60-amp., 900- 
r.p.m. r.p.m. r.p.m. 
Electric Motors 2 GE-1012, 85-volt, Gear Box and 2 GE-1026 125-volt, 1 GE-1027, 125-volt, 
40-amp., 1200- Clutch 30-amp., 1600- 60-amp., 1300- 
r.p.m. r.p.m. r.p.m. 
Control Foot Accelerator Foot Accelerator Foot Accelerator Foot Accelerator 
Electric Reverse Clutch and Gear- Electric Reverse Electric Reverse 
Shift 
Free-Running Speed on 
Level, m.p.h. 15 20 18 19 
Gearing Spur and Chain, 16 Bevel and Internal- Herringbone and Bevel and Internal- 
to 1 Spur, 9 to 1 Chain, 14.5 to 1 Spur, 9 to 1 
Driving- Wheels 36-in. Diameter, 38-in. Diameter, 40-in. Diameter, 38-in. Diameter, 
Solid Solid Solid Solid 
Average Fuel-Consump- 
tion, miles per gal. 1 Ph 4.0 3.3 3.5 
Acceleration, m.p.h. per 
sec. 1.25 to 11 m.p.h. 1.25 to 11 m.p.h. 1.25 to 11 m.p.h. 
Weight of Mechanically 
Driven, lb. 600 
Weight of Electric Driv- 
en, lb. 1,940 1,310 1,170 
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interpole generator, having variable fields connected a OO TR ee AE SS Re es aa i gee 
through a controller and resistance-box to a series- 401 i 7S is Oe ie 
wound interpole motor, the fields of which are designed < i a ae ia . 
for shunted operation as shown in the diagram repro- | | i } | | | 
duced in Fig. 5. The controller has forward, neutral 100 ‘on RP RY BwiE$E teh 

: : - , : ~ | | 
and reverse points, while the resistance-box, which is + 80 ~~ ae a | 

. | By Ke 


operated by a separate lever, has a series of points so 
that the generator fields can be weakened as the motor 
fields are strengthened and vice versa. The highest speed 
is obtained when the motor fields are weakened. In a 
modified form of this system, a compound-wound genera- 
tor is used, the series field being varied by the resistance- 
box, which is used to shunt the motor field. 

According to my personal observation, the perform- 
ance of the Tilling-Stevens motorbuses in London has 
been very gratifying, owing to the smooth acceleration 
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Fic. 5—WIRING DIAGRAM OF TILLING-STEVENS MOoToRBUS 


A Shunt-Wound Interpole Generator Having Variable Fields Is 

Connected Through a Controller and Resistance-Box To a Series- 

Wound Interpole Motor, the Fields of Which Are Designed for 
Shunted Operation 


and quiet running because of the inherent character- 
istics of the electric drive. Although the electric motor 
and control elements of the 10 Fifth Avenue motorbuses 
referred to met the requirements of service as it existed 
at that time, the characteristics of the generator were 
such that when the throttle was suddenly opened the 
engine was not instantly loaded and, therefore, raced 
until the voltage was built-up to the value necessary to 
start the motorbus. This resulted in an appreciable lag 
between the time of opening the throttle and the move- 
ment of the motorbus that not only interfered with the 
acceleration and the schedule, but caused a somewhat 
higher fuel-consumption. Furthermore, the generator 
characteristic, as can be seen from Fig. 6, was compara- 
tively flat, so that in ascending grades with their in- 
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Fic. 6—CHARACTERISTIC CURVE OF GENERATOR OF TILLING-STEVENS 


SYSTEM SHOWN IN Fic. 5 
When the Throttle Was Opened, the Engine Was Not Instantly 


Loaded But Raced Until the Voltage Was Built-Up To the 

Necessary Value. This Appreciable Lag Interfered With Accelera- 

tion and Schedule and Increased Fuel Consumption. The Engine 
Also Became Overloaded On Grades 


creased current demands, high voltage meanwhile being 
maintained, the engine was overloaded and operated at a 
low point on the brake-horsepower curve. 


MODIFIED FORM OF DRIVE WITH STORAGE BATTERY 


Although this paper deals primarily with a form of 
electric drive in which all the electric energy generated 
passes directly through the driving motors, a modification 
of this system has been devised by Prof. Morton Arendt, 
of Columbia University. This includes a storage-battery 
of sufficient size to absorb a part of the output of the 
generator as required and to deliver this energy to the 
motors for accelerating and hill-climbing. A motorbus 
embodying this system has been tested recently in New 
York City and represents a different solution of the prob- 
lem. The chassis, as can be seen from the side view 
reproduced in Fig. 7, is of the conventional motorbus 
type, adapted to carry a 25-passenger single-deck front- 
entrance body. The prime-mover is a four-cylinder 
352 x 5l,-in. gasoline engine, and is much smaller than 
that ordinarily used for a motorbus of this capacity 
when equipped with mechanical drive. The engine is 
direct-connected to a compound-wound generator and 
supplies electrical energy to the driving motors and 
battery in varying degree, depending upon the traction 
requirements. A system of cut-outs and relays is pro- 
vided for controlling the battery, which may either 
charge or discharge to meet the power demand. An auto- 
matic controlling device is provided to reduce the engine 
speed to about 900 r.p.m. when the vehicle is coasting or 
standing still. By the use of an engine of small dimen- 
sions and power, operating most of the time on full 
open throttle, high fuel economy is obtained. A double 


worm-driven rear-axle is used, which is shown in Fig. 8. 
The battery weighs 650 lb. and, under normal road con- 
ditions, is kept fully charged by the engine-generator 





Fic. 7— E.LectTric-DriveE System DESIGNED By PrRoFr. MorTON 
ARENDT, OF COLUMBIA UNIVERSITY, THAT INCLUDES A STORAGE 
BATTERY 
By the Use of An Engine of Small Dimensions and Power, Operat- 
ing Most of the Time On Full Open Throttle, High Fuel Economy 


Is Obtained 
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set. The motorbus has a free-running speed on the level 
of from 30 to 35 m.p.h. and has the advantages common 
to the electric drive. Its weight with electrical equipment 
is 10,200 Ib. 


DEVELOPMENT OF ELECTRIC POWERPLANTS 


The period of 15 years following the installation of the 
10 electric-driven buses on Fifth Avenue was not one 
of idleness from an electrical standpoint. Although the 
motorbus situation itself was comparatively quiet, re- 
search and experimental work were carried on without 
interruption and each year a number of electric-driven 
equipments were built for motor vehicles of various 
kinds. These included vehicles of special design for 
municipal work and street cleaning, tractors for refuse 
collection, fire apparatus and trucks and armored tanks 
and gun-mounts for the United States Army during the 
war. 

Many methods of mounting and driving the generators 
and many forms of control and generator characteristics 
were tried in these developments but, in the main, the 
generators were compound-wound and self-excited with 
a comparatively flat voltage-curve. The operation of the 
vehicles was uniformly successful, since acceleration, 
maintained speed on grades and fuel consumption were 
not considered so important then as they are now. 

Although only a few important motorbus lines existed 
from 1908 to 1923, it was appreciated by electric-trac- 
tion engineers that, in time, an opportunity for the elec- 
tric drive, in conjunction with the internal-combustion 
engine, would present itself. A compound-wound genera- 
tor with a differential series, instead of a cumulative, 
field was used, the shunt field being separately excited 
by a small shunt-wound generator that formed a part of 
the main unit. A battery-excited teaser-winding (See 


Fig. 9) was also employed for the exciter field. This 
plan was reduced to practice several years ago with en- 
couraging results, in that the racing of the engine at 
the time of starting was corrected, and acceleration, 
speed on hills and fuel consumption were improved. 

With separate excitation of the shunt field, it is pos- 





Fic. 8—REAR VIEW OF WorRM-DRIVEN RPAR-AXLE OF THE ARENDT 
SYSTEM 
This Motorbus Has the Advantages Common to the Electric Drive 
and Has a Free Running Speed On the Level of From 30 To 35 
M.P.H. The Weight of the Electrical Equipment Is 10,200 Lb. 
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Fic. 9—BATTERY-EXcITED TEASER WINDING FOR THE EXCITER FIELD 


When the Shunt Field of a Compound-Wound Generator With a 

Differential Series Winding Is Separately Excited, the Racing of 

the Engine Is Corrected, and the Acceleration, Speed On Hills and 
Fuel Consumption Are Improved 


sible to obtain a drooping voltage-characteristic that 
allows the engine to operate at higher speeds during the 
acceleration cycle and on grades when heavy currents 
are required, the output being kept within the power 
limitations of the engine because of the nearly constant 
output that is maintained with open throttle. In other 
words, at the time of starting, when high torque is 
necessary, the current is high and the voltage low, a 
condition that changes gradually and automatically with 
the increase of speed of the motorbus, until the current 
reaches the rate required for normal running, when the 
voltage is correspondingly higher. 

Reference to the curve reproduced in Fig. 10 will show 
that the product of the volts and the amperes, or the 
kilowatt output of the generator, is substantially con- 
stant throughout the cycle of operation. It is needless 
to say that, aside from this major change, which was 
brought about by motorbus demands, many minor 
changes were made both in the electrical and the me- 
chanical details of the generator, motor and controller 
that tend toward higher efficiency and greater output 
for a given amount of material. 

The question of frame construction, self-ventilation, 
details of mounting and the like received attention, and 
improvement was made along all these lines. Experience 
gained from the long-continued use of electric motors in 
street-railway-car propulsion and for storage-battery 
trucks indicated the great durability and reliability of 
this form of transmission. It is not unusual to find 
electric motors that have been in continuous traction 
service for 20 or more years. In working out the electric 
drive, advantage has been taken of the many improve- 
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Fic. 10—ACCELERATION CURVES OF 64-PASSENGER ELECTRIC-DRIVEN 
Mororsus No. 102 
Output of the Generator Is 


Throughout the Cycle of 


The Kilowatt Substantially Constant 


Operation 


ments in electric motors that have been brought about 
by modern manufacturing methods, created by the al- 
most universal employment of this device for industrial 
purposes. 


ELECTRIC-DRIVE VEHICLES AT PHILADELPHIA 


An opportunity to utilize the experience acquired came 
in July, 1923. Shortly before that time the Mitten Tray- 
lor Co. had designed and built a number of 64-passenger 
double-deck mechanically driven motorbuses intended 
for the use of the Philadelphia Rural Transit Co. on 
boulevards and as feeders to its main lines. One of these 
motorbuses is shown in Fig. 1l. J. A. Queeney, vice- 
president of the Company, desired to utilize the advan- 
tages of the electric drive and control, and his demand 
for the necessary equipment resulted in the design of a 
special generator and motor embodying all that had been 
learned in the art during the transition period. 

It was decided to rebuild one of the Philadelphia Rural 
Transit chassis, substituting the electric for the me- 


THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 


chanical drive. This would allow a direct comparison 
to be made quickly under identical conditions of opera- 
tion. The work of rebuilding the chassis was carried 
out by the J. G. Brill Co. and the General Electric Co. 
jointly, and motorbus No. 102 with electric drive was 
run in Philadelphia for the first time on June 13, 1924. 
The capacity of the generator and of the motors was 
based upon the operating requirements and traction data 
submitted. These units were designed to utilize the 
output of the six-cylinder 4 x 6 in. gasoline engine with 
which the chassis was equipped. A view of the power- 
plant is given in Fig. 12. The generator embodied a 
compound winding with differential series winding and 
a separate exciter for the shunt field, already described. 
The motors were series wound, with a torque character- 
istic of about 4 to 1. The latest practice in the elec- 
trical design and manufacture of generators and motors 
was used throughout. The mechanical design included 
cylindrical magnet-frames composed of steel castings 
with aluminum-alloy heads. The exciter formed an in- 


tegral part of the main generator casting, ensuring a 
compact and strong unit. 
type, without interpoles. 


All fields were of the four-pole 
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Fic. 12—GENBERAL VIEW OF POWERPLANT OF MororsBus No. 102 


The Capacity of the Generator and of the Motor Was 


Designed To 
Gasoline Engine With Which the Chassis Was 


Utilize the Output of the 


Six-Cylinder 4 x 6-In. 
Equipped 
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As will be seen, the armatures of the generator and 
of the exciter were mounted directly on a hollow shaft, 
carried by large ball-bearings mounted in the heads. Self- 
ventilation by radial fans was provided on all the units 
to obtain the greatest possible output per pound of ma- 
terial. Brackets for mounting the generator were pro- 
vided on the front heads, the exciter-head being made 
cylindrical to fit a special cross-member of the frame. 





Fig. 14 





VIEW OF CONTROLLER USED IN Mororsus No. 102 
Control Is By Foot Accelerator, But a Controller Is Required at 
Times for Reversing the Motorbus and for Grades and Electric 
Braking. It Is Equipped With the Latest Forms of Fingers and 
Drum and Is Operated By a Lever From the Driver’s Seat 


The armature was driven by a propeller-shaft passing 
through a quill with a flange coupling at the rear end 
and an internal gear-coupling attached to the flywheel 


' _ at the front. 
Weight of the Generator Is 900 Lb. and of the Motors 445 a P - . : 
Lb. Each The object of this construction was to give, in effect, 
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Fic. 15—SINGLE AND DouBLE-MoToR CONNECTIONS OF CONTROLLER 


The Single-Motor Connections Are at the Left and _ the Double-Motor Connections at the Right. In the Latter View Is 
Also Shown the Connections for Operating the Brake 
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a long couple, relieving stresses on the crankshaft, and 
also to allow for a small amount of misalignment. Experi- 
ence had shown that the rear bearings of some auto- 
motive engines were not of sufficient size to carry the 
added weight of the armature. This arrangement has 
proved successful in operation. Certain engines, how- 
ever, have large crankshafts with rear bearings of ample 
size that allow the head of the generator to be bolted 
directly to the beli-housing of the engine, the generator 
shaft being attached to the crankshaft by bolted flanges. 
When this construction is used it is possible to omit the 
front generator bearing.. Various forms of coupling 
have been tried with the flexible-shaft design, and the 
best results so far have been obtained with the rubber 
buffer type, in which the turning effort of the crank- 
shaft is communicated to the armature quill through com- 
pressed rubber balls. The field coils are asphaltum- 





Fic. 16—REAR AXLE ARRANGED FOR DOUBLE-MorTror DRIVE 
The Advantages of This Drive Are Said To Be the Smaller Diameter 
of the Driving Motors, Lower Platform and the Ability of the 
Two-Motor Drive With the Motors in Parallel To Move the 
Driving-Wheels Independently 


treated and are thoroughly protected from moisture and 
wear. The brush rigging and brushes are of the auto- 
motive type and are accessible. The motors are self- 
ventilated, having the same general electrical and me- 
chanical features as the generator. 

Double motor drive was specified by the Philadelphia 
Rural Transit Co. for Motorbus No. 102. This motor is 
mounted directly on the heads, the magnet frame is 
cylindrical throughout and the windings are self-ven- 
tilated. The arrangement of the motors is shown in Fig. 
13. Single-motor driving equipment of the same gen- 
eral mechanical and electrical characteristics is also 
available. The weight of the generator is 900 lb. and of 
the motors in the double-motor drive 445 lb. each, the 
single motor weighing 750 lbs. 

For normal operation in city traffic where no steep 
grades are encountered, the control is by foot-accelerator, 
which acts upon the throttle. Under these conditions the 
control is simple and automatic. As it is necessary, 
however, to reverse the motorbus at times and to pro- 
vide for grades and electric braking, a controller is re- 
quired. This is a simple device, with the latest forms of 
fingers and drum, and is operated by a lever near the 
driver’s seat. 

Fig. 14 shows a form of this controller, and the con- 
nection diagram, Fig. 15, gives an idea of the combina- 
tions that can be obtained with single and double-motor 
equipments. The series connection has been added to 
give higher tractive effort on steep grades. Moderate 
grades can be negotiated with the controller in the 
parallel position. The electric drive also allows braking 
by the controller. This originally was intended only to 
relieve the brake-linings and drums of undue wear when 
descending long and steep hills, but it has been found to 
be an effective form of emergency brake. The opera- 
tion of the brake is shown in the diagram at the right of 
Fig. 15, and amounts to placing the motors in the reverse 
position in the circuit with the generator with resistance. 
Until the engine speed has been increased, it is, there- 
fore, regenerative; thereafter, the action tends to reverse 
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Fic. 17—HYDRAULIC ANALOGY OF THE TURNING-EFFORTS WITH FourR- 
CYLINDER GASOLINE ENGINE AND WIJH Four-PoLe ELEecTrRIC Moror 
Two Explosions Per Revolution of the Engine Are Compared With 
the Many Impulses of the Motor. In One Case, the Turning- 
Effort Is Intermittent; In the Other, Almost Continuous 


the motors. Various arrangements as to the location 
and the operation of the control have been tried, but 
these are a detail that depends somewhat on the design 
of the chassis. 

The wiring of the electric-driven equipment is com- 
paratively simple, fuses of high ampere-capacity being 
placed in the motor circuits. These fuses protect the 
electrical equipment from continuous overload and pro- 
vide means for opening the motor circuit on the road, if 
desired. In the case of the double-motor drive, one motor 
can be cut-out by removing the fuse. 


SINGLE VERSUS DOUBLE MoToR DRIVE 


Fig. 18 shows the design of the chassis of motorbus 
No. 102, as built for the Philadelphia Rural Transit Co. 
It will be noted that this motorbus has the double-motor 
drive, which brings up the subject of single versus double 
motors for propulsion. Each, undoubtedly, has its good 
features. The single motor is lighter for a given chassis, 
is mounted more easily in the frame, can be employed 
with the standard rear-axle and differential, and in- 
volves less expense than the double-motor equipment. 
These seemingly important advantages are offset, in the 
opinion of many engineers and operating men, by the 
advantages of the double-motor drive in reducing the 
diameter of the driving motors, in allowing a lower plat- 





Fic. 18—ONE OF THE 215 DovuBLE-DECK ELECTRIC-DRIVE YELLOW 
CoaCH MOoOTroRBUSES BUILT FOR THE PHILADELPHIA RURAL TRANSIT 
Co, 

These Buses Have a Higher Free-Running Speed Than Motorbus 
No. 102, Owing to the Use of a Larger Engine 
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form and in the ability of the two-motor drive with 3200 


the motors in parallel to move the driving-wheels in- 
dependently, somewhat as if a locked differential were 
used. Such a rear axle is shown in Fig. 16. 

Motorbuses, particularly in city traffic, must run close 
to the curb to accommodate passengers; and at such times 
it has been found that the inner and outer driving-wheels 
do not always have the same road conditions, so that 
one may be held and the other may spin without moving 
the motorbus. This difficulty does not occur with the 
double-motor drive. It has also been found that the 
double-motor drive reduces the skidding effect under 
slippery conditions; and this in itself is an important 
factor in the safe transportation of passengers in thickly 
congested traffic. 

With the electric drive, it is possible to use higher 
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fic. 19—-ACCELERATION CURVE OF YELLOW COACH GASOLINE-ELECTRIC 
66-PASSENGPR Mororspus No. 985 
The Test Load Was 1000 Lb. Greater Than That Used In Tests 


of Motorbus No. 102 


ratios of reduction in the rear axle than with the me- 
chanical drive, for the armatures of the motors can be 
run independently of the engine speed. The ratios com- 
monly used vary from 9 to 1 to 13 to 1, the former being 
used in suburban and the latter in city work and in 
heavy traffic. The armatures are designed to operate 
safely at the rotative speeds caused by the high ratios 
of reduction. 

During the last few years, the tendency has been to 
increase the power of motorbus engines of both the four 
and the six-cylinder types, the latter being used in a 
number of instances. This increase of power applies 
to both mechanically and electrically driven buses and 
represents an advance in the art. When four or six- 
cylinder engines are used, it is desirable to have a cer- 
tain amount of excess power, regardless of the type of 
drive. It is generally considered that the overall efficiency 
of the electric is lower than that of the mechanical drive, 
but this difference is more than offset by the fact that 
the engine of an electrically driven motorbus can be 
operated at all times at the most efficient point on the 
brake-horsepower curve, a thing that cannot be done 
with the mechanical drive because it has a fixed ratio of 
reduction. 
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Fic. 20—SUSTAINED SPEED CURVE OF YELLOW COACH MororsBus 
No. 985 
The Load and Conditions Were the Same as Those for the Curve 
Reproduced in Fig. 19 
UTILIZING THE HORSEPOWER OUTPUT 


In analyzing the requirements of the electric drive, two 
different methods of utilizing the horsepower output 
seem to exist: (a) keeping the engine speed as low as 
possible while maintaining sufficient power for accelerat- 
ing and free level running without complicating the con- 
trol and (b) utilizing the entire available horsepower 
of low-power engines for accelerating and hill-climbing. 
Under these conditions, high engine-speeds would result 
in free level running. To avoid this, a third position 
on the controller has been considered, to reduce the en- 
gine speed after the acceleration cycle has been com- 
pleted. This can be accomplished by inserting a re- 
sistance in the shunt field of the generator during the 
accelerating period and: short-circuiting this resistance 
after the desired acceleration has been obtained. This 
method can also be used for motorbuses designed for 
interurban service, in which low engine-speeds are de- 
sirable for high car-speeds, and gives the same degree 
of acceleration that is now obtained in city service. In 
other words, three conditions must be met: (a) city op- 
eration with an engine of ample power, (0) city running 
with an engine of moderate power and (c) suburban 





Fic. 21—AUTOMOTIVE GENERATOR WITH EXCITER DrIRECT-CONNECTED 
To GASOLINE ENGINE 


The Generator Is Rated At 125-Volt, 200-Amp. Capacity At 1200 
R.P.M. The Engine Is the Six-Cylinder 44 x 5%-In. Model YZ 
Sleeve-Valve Type 
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service. The mounting of the generator and the motors, 
in the many cases that have been worked out, has been 
found to be comparatively simple, requiring little altera- 
tion of the standard motorbus chassis. 

Reference to Table 1 shows that the weight of the 
double-motor bus was only 347 Ib. in excess of the 
standard DeDion bus with mechanical drive; whereas, 
the single-motor bus actually weighed less than the 
DeDion-Bouton. This comparatively small difference was 
partly due to the special design of the electric-driven 
chassis, as the weight of these chassis actually in- 
creased 710 and 570 lb. respectively because of the use of 
electrical equipment. 

From the experience with the various electric-drive 
problems so far encountered, it appears that the speed 
and load obtaining in motorbuses of today require a 
somewhat definite amount of weight in the chassis for 
strength, regardless of the form of drive used. It is my 
opinion, however, that with the electric drive the weight 
of the frame and the chassis can be reduced owing to the 
continuous effort of the electric motor. This can be 
illustrated in a simple way by an hydraulic analogy, 
Fig. 17. Here the two explosions per revolution of a 
four-cylinder gasoline engine are compared with the 
many impulses of the electric motor. In one case, the 
turning-effort is highly intermittent; in the other, it is 
almost continuous, being represented by sine curves. The 
impeller wheels and nozzles illustrate the comparison. 

Weight is governed largely by what it is desired to 
accomplish and cannot be considered in the abstract. The 
weight of motorbus No. 102 with electric drive, for ex- 
ample, is 213 lb. per passenger, whereas the weight of a 
steel Pullman sleeper is nearly 5000 lb. per passenger. A 
comparison of the costs per passenger in these cases 
shows $172 in the former, as against $1,333 in the latter. 
The weight and cost of vehicles must clearly be measured 
by the requirements of the problem and from the stand- 
point of the return on the investment. These points 
should be kept in mind when comparing transmissions of 
various kinds. 


PERFORMANCE DATA OF PHILADELPHIA MOTORBUSES 


The performance of the electric-driven motorbus No. 
102 in Philadelphia in the last 11 months has from the 
beginning attracted the attention of automotive en- 
gineers and motorbus builders. Already a number of the 
latter have installed electric-driven equipment in their 
standard chassis for experimental purposes, and others 
are preparing to do so. Several motorbuses have already 
been completed and tested on the road, and the results so 
far obtained have not only been encouraging, but have 
led to the placing of definite orders for electric-driven 
equipment by a number of public utility companies. As 
these events are so recent, the only extended service re- 
port that can be made at this time must relate to the 
Mitten Management Motorbus No. 102. An initial order 
for 215 of these motorbuses was placed by the Mitten 
Management early in November, 1924, and form part of 
a plan involving a total of 700. 

The standard Philadelphia Rural Transit chassis, com- 
plete with a 64-passenger double-deck body, weighs 
15,036 lb., while motorbus No. 102, which is identical 
with it except for the substitution of the electrical for 
the mechanical drive, weighs 16,760 lb., an increase of 
1724 lb. No attempt was made to modify the chassis ex- 
cept to change from the gearbox to the generator and 
the motors. The engines of these motorbuses were found 
by dynamometer test to be identical in output. 

Attention is called to the acceleration curve shown in 
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Fig. 10, which was prepared from road tests made on 
Aug. 13, 1924. Sixteen acceleration tests of motorbuses 
Nos. 102 and 103 were run side by side over the same 
course and under the same conditions, except that a more 
skilful driver operated the mechanically driven motorbus. 
These tests showed that motorbus No. 102 led motorbus 
No. 103 nine times by from one-quarter to one-half a bus- 
length, on four runs the two machines showed equal ac- 
celeration, and on three runs the mechanically driven 
bus led slightly. 

A service test was made over a regular course of 4.2 
miles, each motorbus operating under like conditions, 
with the results given in Table 2. All stops were of 10- 
sec. duration. 


TABLE 2—-MOTORBUS SERVICE TESTS 
Time of Trip, Min. Sec. 


Number of Stops Mechanical Drive Electric Drive 


13 15—29 14—28 
19 17—48 16—46 
38 25—31 23—43 








Fuel tests were then run and indicated a mileage for 
motorbus No. 102 of 4.7 miles per gal. as against 3.9 
miles per gal. for the mechanically driven motorbus, the 
latter being an average based upon several months’ oper- 
ation. Motorbus No. 102, over a period of 11 months, 
part of the time on a regular schedule of 190 miles per 
day, has shown a fuel consumption of about 4 miles per 
gal. in each case. 

Comparative engine-revolution tests were made over 
the route, 4.2 miles, on a 12-stop schedule, a counter be- 
ing attached to each crankshaft. This showed 19,906 
engine revolutions for the mechanical drive and 17,201 
for the electrical,'a difference of 2705 revolutions in 
favor of the electrical. The same test was repeated with 
36 stops, the engine revolutions being 25,664 and 21,240, 
respectively, a difference of 4424 revolutions in favor of 
the electric drive. 

The results so far discussed refer to equipment de- 
signed to operate at comparatively low engine-speeds. 
From the standpoint of acceleration and motorbus per- 
formance, however, a higher engine-speed will give bet- 
ter results, but at the cost of greater wear and tear on 
the engine and increased fuel-consumption. But it is ex- 
pected in either case that the constant-output operation 
of the engine with electric drive will show greater life 
and less maintenance of the engine and the chassis. 

The order for 215 electric-driven motorbuses placed 
with the Yellow Coach Mfg. Co., of Chicago, covered both 
double and single-deck motorbuses. One of the double- 
deck type is shown in Fig. 18. The first chassis was com- 
pleted in February of the present year. After a period 
of running-in, a series of road-tests were made, the re- 
sults of which are shown in the curves reproduced in 
Figs. 19 and 20. These are similar to those of the Phila- 
delphia test, but have a higher free-running speed, owing 
to the use of the larger engine shown in Fig. 21. The 
test load was 1000 lb. greater than in the case of the 
original Philadelphia Rural Transit chassis No. 102. 


OTHER APPLICATIONS OF THE ELECTRIC DRIVE 


Early in March of this year the Fageol Motors Co., of 
Oakland, Cal., and Kent, Ohio, completed a single-deck 
motorbus of the type illustrated in Fig. 22, equipped with 
the same electric drive and having an overall weight of 
14,280 Ib. and gear reduction of the type shown in Fig. 
23. This was given a trial road-run over the Lincoln 
Highway from Kent, Ohio, to Pittsburgh, Philadelphia, 
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New York City and Albany, N. Y., a distance of 650 
miles. This motorbus reached its destination on March 
3; since that time it has been used by the Capitol Dis- 
trict Transportation Co. on routes in that city. The 
cross-country run referred to included heavy grade 
climbing over the Allegheny and Blue Ridge Mountains, 
grades 10 miles in length and averaging 12 per cent be- 
ing negotiated without difficulty. The electric brake 
was used successfully in descending. On the level the 
maximum road speed was 40 m.p.h. The total running 
time for the entire trip from Kent, Ohio, to Albany, 
N. Y., was 35 hr. 20 min., an average speed of 18.5 
m.p.h. Although this is considered only a short run, the 
fuel consumption was 4 miles per gal; no additional en- 
gine oil was required. 

In Albany, the Fageol motorbus, having a total weight 
of 18,000 lb., was tested successfully over grades of 9.8 
per cent, at a speed of 9 m.p.h. The Fageol Motors Co. 
is now building 35 electric-driven buses, 19 being for the 
Capitol District Transportation Co., of Albany, N. Y., 
and 15 for the Georgia Railway Light & Power Co., of 
Atlanta, Ga. 





Fic. 22—FacrpoL, SINGLE-DEcK DoUBLE-MoToR MororBUS EQUIPPED 
WitH ELgEectric DRIVE 
This Motorbus Has An Overall Weight of 14,280 Lb. 


A single-deck electric-driven Yellow Coach motorbus 
was recently run from Albany, N. Y., to Boston, and was 
demonstrated in a number of cities in eastern Massa- 
chusetts, Rhode Island and Connecticut, before making 
the run to Philadelphia. It aroused much interest and 
enthusiasm among public utility men wherever it was 
shown. This test has just been completed and data are 
not yet available. 

In addition to the foregoing, the Northern Ohio Trac- 
tion & Light Co. has installed single-motor electric- 
driven equipment in a single-deck White chassis, Fig. 24, 
with a standard four-cylinder engine. Some modifica- 
tions were found necessary in the generator fields to 
adapt them to the lower engine-output. Under these 
conditions the tests so far made compare favorably with 
the mechanical drive as to acceleration and schedule 
speeds. Data are being accumulated, and further re- 
ports of test results will be made from time to time. 


ADVANTAGES OF THE ELECTRIC DRIVE 


The survival of the electric drive depends, like all other 
things, upon its fitness for the purposes intended. To 
exist, it must demonstrate its superiority over the mech- 
anical drive under service conditions. 

A study of the test and operating records of the many 
electric-driven road vehicles built prior to 1924 shows 
that these were not equal to similar vehicles equipped 
with mechanical drive in the matter of acceleration, 
speed on grades and fuel economy. They did, however, 
possess many other advantages that have been found to 
exist in electric-driven motorbuses, such as freedom from 
shock in starting and stopping, simplicity of control and 
durability of electrical equipment. Furthermore, it was 
reported that the engines of the electric-driven Fifth 





3 23—GeaR REDUCTION USED WitrH Srix-CYLINDeR Haui-Scorr 
ENGINE 


In a Test Run of 650 Miles Over Roads That Contained Grades 
10 Miles In Length and Averaging 12 Per Cent, the Running-Time 
Was 35 Hr. 20 Min., an Average Speed of 18.5 M.P.H. 


Avenue motorbuses could’ be run for a much longer 
period without overhauling than could engines of the 
same type in motorbuses equipped with mechanical drive. 
The electric-driven system not only retains all the good 
features of the early electric drives but, at the same 
time, presents a number of advantages that are particu- 
larly important when considered in connection with mod- 
ern transportation demands and increasing traffic con- 
gestion. 

The principal criticisms that have been raised against 
the electric drive by those who have not had an oppor- 
tunity to study the actual operation of the system are the 
increase in weight and cost, and the lower overall effi- 
ciency of transmission on direct drive. Although all 
these are true and, in the abstract, appear to be im- 
portant factors, they are outweighed by the other con- 
siderations that already have been demonstrated. 

It has been maintained that the mechanical transmis- 
sion in high gear with the direct drive is much more 
efficient than with the electric drive, but experience has 
shown that, in city traffic with a heavy schedule, it is not 
so much a question of efficiency in free running as in 
starting and acceleration. Here the electric drive has 
the advantage even with somewhat greater weight. Ina 
comparison made in Philadelphia during the last 12 
months between motorbus No. 102 with the electric drive, 
and motorbus No. 103 with mechanical drive, it was 
found that the electric-driven motorbus could cover the 
route in 20 per cent less time. This was due to the smooth 





Fic. 24—SINGLE-MoTor ELEcTRIC-DRIVEN EQUIPMENT INSTALLED IN 
A WHITE CHASSIS 
Some Modification of the Generator Fields Was Necessary To 
Adapt Them To the Lower Engine Output, But the Tests Compare 
Favorably as Regards Acceleration and Schedule Speed ith 
Those for Mechanical Drive 
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and continuous acceleration characteristic of the electric 
drive, which is inherent, automatic and independent of 
the will of the driver, who simply opens the throttle fully 
by depressing the accelerator. Skill and experience on 
the part of the operator are important factors when it 
is necessary to operate a clutch and change the gears. 
Another advantage of the electric drive is the fact that 
it is impossible for the operator to race or to stall the 
engine, so long as it is in operating condition and fuel is 
provided. This is governed by the drooping characteris- 
tic of the generator. 

Tests so far indicate that, in the matter of fuel con- 
sumption, little difference exists in the bus-miles per 
gallon. The limited engine-speed common to the electric 
drive should, in the long run, show a lower gasoline and 
lubricating-oil consumption. With the smooth operation 
and quiet running of the electric-driven motorbus, be- 
cause of the continuous-torque feature of the motors and 
the generator, every reason exists for believing that the 
cost of maintenance will be considerably lower than that 
of a mechanical drive. 

Other advantages of the electric drive are freedom 
from clutch and gear-shifting, which momentarily dis- 
tract the attention of the driver when running in heavy 
traffic. It is a matter of easy computation to show that, 
in a day’s run of 180 miles, the driver of a motorbus 


equipped with mechanical transmission is called upon to 
make several thousand gear-shifts, which are not only 
fatiguing, but reduce his efficiency and alertness and tend 
to increase the running-time of the motorbus. With the 
electric drive, the only lever used for normal operation 
is the foot accelerator, operating on the throttle of the 
engine. All these are vital points from the standpoint 
of safety of operation. The objection of higher cost, 
which is sometimes raised, is more than offset by the 
ability of the electric-driven motorbus to cover a given 
schedule more quickly than can be done with the mechan- 
ically driven motorbus when operated by an average 
driver. As in all commercial problems, it is the question 
of interest on the investment, not of first cost, that 
counts, so that, if the electric-driven motorbus can cover 
a given schedule in shorter time with greater comfort 
and safety to passengers, making it a more desirable 
means of transportation, it is clear that a motorbus with 
this form of transmission will cover more miles per day 
per dollar invested. It is simply a question of giving the 
kind of service that is demanded by the public, not one 
of weight, cost, or overall efficiency of the drive in high 
gear. It is safe to predict that the use of electricity in 
conjunction with the internal-combustion engine will 
henceforth play an important part in the propulsion of 
motorbuses. 





HOW IT FEELS TO FALL 1500 FT. 


ROBABLY the most unique experiments of the many 

that have been made by the Army Air Service were those 
recently conducted at Mitchel Field, Long Island, N. Y., 
when on several occasions two enlisted men jumped from an 
airplane flying at an altitude of about 3000 ft. and fell dis- 
tances ranging from 800 to 1500 ft. before they pulled the 
rip cord of the parachute. On these tests Private Arthur 
Bergo made the first jump. The following is a quotation 
from his statement as to his sensation in falling. 


I felt no particular sensation. The hardest part is 
just as you jump. You feel like the devil and want 
to grab hold of some part of the airplane as you leave, 
but you soon gain control of yourself and then it is 
rather comfortable. At first a sinking feeling such as 
you get when an elevator descends very suddenly with 
a quick, jerky movement is experienced. 

The first 50 or 100 ft. I fell without realizing what I 
was doing, but soon I was able to maneuver my body 
and control my limbs perfectly. I moved my body in 
such a way that I was able to be in a position to pull 
the rip cord of the parachute and descend feet forward. 
I saw the earth rise toward me but I had no fear. For 
the first 500 ft. the velocity of the descent seems much 


greater. Then the speed seems to slacken. My senses 
did not leave me once and I was actually aware of 
every stage of my fall. I suppose I went down at the 
rate of about 130 or 150 m.p.h. Aviators in flight go 
much faster and they are able to breathe in comfort. 
So was I. My power of perception seemed very keen. 
After I had traveled some 500 ft. I was able to get my 
body on a slant fall as a lath falls when it is thrown 
into the air. I maneuvered my feet so that they pointed 
toward the ground. I never lost confidence and I knew 
that I had my parachute at hand and could use it in a 
twinkling. 

On each jump the airplane was at an altitude of 
3000 ft. and I endeavored to gage my fall so that I 
would pull the rip cord half-way between the airplane 
and the earth. The pulling of the cord and opening of 
the parachute, with the resultant whip-like movement 
of my body, seemed to be instantaneous. At this point 
there was a slight concussion. There is no reaction as 
proved by the fact that I jumped twice within an hour 
on the first tests. I had complete confidence in the para- 
chute and in the instructions I had received and I am 
prepared to make similar or longer jumps as often as I 
am permitted. 


JUNE COUNCIL SESSIONS 


HREE sessions of the Council were held at White Sul- 

phur Springs last month during the week of the Summer 
Meeting there. The members of the Council present were 
President Horning and Councilors Brumbaugh, Burkhardt, 
Hunt, Rumney and Warner. 

One hundred and sixty-nine applications for membership 
were approved. The following transfers in membership 
grades were made: From Service Member to Member, R. I. 
Markey and A. V. Verville; Member to Service Member, W. 
F. Herringshaw; from Associate to Member, W. R. Camp- 
bell, R. A. Watkins and E. H. Wehrli; Junior to Member, 
H. W. Best, W. E. Bihl, H. L. Brooke, F. B. Farquharson, 
C: R. Heena, J. R. Hemeon and Denis McCormack; Junior 
to Associate, H. T. Booth, H. J. McCafferty, J. J. McMahon, 
D. L. Phillips, J. V. Schafer, M. S. Shafer, C. H. Tavener, 


J. S. Tawresey and Glenn Weller, and Junior to Service 
Member, J. M. Binding and S. A. Christiansen. 

The resignation of one member was accepted and a former 
member was reinstated. 

The seven meetings of the Society that are to be held 
during the remainder of this administrative year were 
discussed. 

The following appointments to the Standards Committee 
were made: 

G. L. Kyle—Storage-Battery Division 
R. A. Smith—Motorboat Division 
C. A. Ward—Electric Vehicle Division 
Ernest Wooler—Engine Division 

A long discussion of Sections matters was had, based on a 

recent report of the Sections Committee. 
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ABSTRACT 


NASMUCH as the forces that act when a vehicle 

passes over a road obstruction are very complex, 
comparative analysis of the riding-qualities of the dif- 
ferent parts of a vehicle is difficult; hence, to obtain 
even an approximation of them, measurement of the 
different displacements that occur must be confined to 
a given representative condition or series of conditions. 

The displacement that causes the most discomfort to 
a passenger is probably that which takes place in a 
vertical plane. Its three leading characteristics are 
the amplitude of the vertical movement, the velocity 
of the motion and the rate of change of the velocity. 
Of these the last mentioned is the most important. 
It is sufficiently exact to assume that tires and springs 
which reduce motion increase riding-comfort. Since 
the angular displacements having both vertical and hor- 
izontal components in transverse as well as longi- 
tudinal planes have comparatively long radii, the dif- 
ference between the horizontal or vertical component 
and the actual path covered is slight and, for all prac- 
tical purposes, can be neglected. It was found that 
measuring the vertical displacement and the accelera- 
tions occurring on the displacement curve would give 
all the data needed for the desired computations. 

To approximate road conditions in the laboratory, 
a specially designed apparatus was constructed that 
included an accelerometer capable of translating rotary 
into simple harmonic motion. With this it was pos- 
sible to determine definitely the acceleration at any 
portion of the displacement-time curve. 

The relations found to exist among velocity, accel- 
eration and displacement indicate that measurement of 
the displacement and acceleration, or at least the ac- 
celeration, of the frame and the axle is desirable. The 
reasons that a high natural free period of vibration 
and a large damping coefficient should be incorporated 
into the construction of an accelerometer are discussed 
and the details of construction and method of opera- 
tion of an instrument embodying these features are 
described. 


HE question of riding-qualities seems to contain 
| “everything under the sun.” The enormous com- 
plexity introduced into the subject by possible vari- 
ations of road condition, different types and makes of tire, 
different springs and spring-suspensions and different 
loadings and speeds makes the number of combinations 
almost infinite. Hence, it is obvious that, to arrive at 
even an approximation of the riding-qualities, it is neces- 
sary to confine the measurement of the different dis- 
placements that occur in passing over the road to a given 
representative condition or, at least, to a representative 
series of conditions, 
Assuming the vehicle to be running on a perfectly 
smooth road having only one obstruction and the vehicle 
to be passing over this obstruction with one wheel only, 





‘Engineering laboratory, Firestone Tire & Rubber Co., Akron, 
Ohio. 





lime, sec = 

0.04 0.08 O12 O16 020 024 028 032 os 
aS ee 

wet. HART oo 
ss00 Le FT TTT POrRr Ts 3 

ae ee ee ees ee 

Distance, f+ += 

> 

(.—~S Time, sec rc 
KTV) 004 008 012 0% 020 074 028 032, « ¢" 
CNV PAT ALE Ls § 
CY OTT ee 
mt COXSiZ AN LCs & 
SON eco 2 

Soy or POPP ihe 3 
A Obstruction Distance, “ — 


3In.Wide 
X /Yaln. High 


ee 


4 


Fic. 1—VpRTICAL DISPLACEMENT OF ONE WHEEL IN PASSING OVER 
AN OBSTRUCTION ON A PERFECTLY SMOOTH RoaD 


Upper Curve Shows the Vertical Path Described by a Point on 
the Truck Frame Immediately above the Rear Axle; the Lower 
Curve, the Path Followed by the Axle under the Same Conditions 


the displacement that causes the most discomfort to a 
passenger is probably that which takes place in a vertical 
plane, as is shown in Fig. 1. The upper curve shows the 
vertical path described by a point on the truck frame 
immediately over the rear axle; the lower curve is the 
path that the axle follows when passing over the obstruc- 
tion under the given conditions. The chassis parts and 
obstruction are shown very much reduced, the displace- 
ment comparatively large and the time and the distance 
relatively small. 

This particular displacement has three characteristics 
of interest, all of which can be presented graphically 
and plotted against time: (a) a displacement-time curve 
that gives directly the amplitude of vertical movement, 
(b) a velocity-time curve that gives directly the velocity 
of motion at any portion of the displacement-time curve 
and (c) an acceleration-time curve that gives directly 
the rate of change of velocity at any portion of the dis- 
placement-time curve. From a psychological standpoint, 
the third characteristic is probably the most important, 
as it gives a passenger the sensation of added weight 
when the displacement is upward and of decreased weight 
when the displacement is downward. It is not the pur- 
pose of this paper to discuss the psychological and 
physiological effects of cyclic displacements. It may be 
mentioned in passing, however, that even the most agree- 
able of them, if continued for a sufficiently long time, 
may become acutely uncomfortable and, later, excessively 
tiring. 
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Fig. 2—APPARATUS FOR TESTING RIDING-QUALITIES 
The Rear Wheels Run On and Drive a Heavy Cast-Iron Drum, to 
the Outer Surface of Which Is Bolted the Desired Construction 


For example, take the case of a vessel at sea when a 
so-called “ground” swell is running; this is a smooth- 
topped wave of large amplitude and comparatively long 
period that usually occurs for some time after a storm. 
The effect of such a cyclic displacement on the amateur 
seagoing person can well be imagined and old-timers will 
readily tell you that it soon becomes very tiresome. 
Hence, for the purpose of comparing the relative riding 
values of tires and spring-suspensions, it is sufficiently 
exact to assume that tires and springs that reduce motion 
increase riding-comfort. 





Fig. 3—CONVENTIONAL FILING-MACHINE ARRANGED FOR STUDYING 
THE CHARACTERISTICS OF ACCELEROMETERS 


Rotary Motion Is Translated into Simple Harmonic Motion by a 

Revolving Crank to Which Is Pivoted a Block Sliding in a Slotted 

Bar Attached to a Vertical Shaft and Guided by Bearings. The 

Acceleration Can Be Varied by Changing the Stroke; the Periodicity, 
or Frequency, by Changing the Revolutions per Minute 
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HORIZONTAL DISPLACEMENTS COMPARATIVELY SMALL 


In addition to this simple vertical displacement, a large 
number of angular displacements occur, which, of course, 
have both vertical and horizontal components in trans- 
verse as well as longitudinal planes. Since these angular 
displacements usually have comparatively long radii, the 
difference between the horizontal or vertical component 
and the actual path covered is slight and, for all prac- 
tical purposes, can be neglected, if the instruments used 
accurately record the component. As the horizontal 
fore-and-aft displacements are comparatively small and, 
for a given set of conditions, remain constant, it is 
sufficient, in the comparison of tires or spring-suspen- 
sions, to neglect their consideration. It is desirable to 
do this, however, only after their magnitude has been 
definitely determined. 

It is apparent, therefore, that an analysis of a move- 
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CHART SHOWING THE RELATIONS OF THB DISPLACEMENT- 
TIME, VELOCITY-TIME AND. ACCELERATION-TIMB CURVES 
Mechanism of Fig. 3 Is Inserted Diagrammatically To Show 


The 
the Path Described by the Crank and by the 


‘ Accelerometer in 
Relation to the Time 


ment or of a displacement occurring even under simple 
and ideal conditions is somewhat complicated. Such an 
ideal condition is occasionally approximated on the road. 
Take, for instance, a comparatively smooth pavement 
crossed at an angle by a railroad, the rails of which ex- 
tend some distance above the average surface of the 
pavement. A vehicle passing over such a road obstruc- 
tion will undergo a simple displacement as each wheel 
passes, the only difference from the case described be- 
ing that the time between the displacements that occur 
as successive wheels encounter the obstruction will be 
too small to allow the disturbance caused by the dis- 
placement to die out. Hence, interference from the dis- 
placement of one wheel will occur at the displacement 
of the immediately succeeding wheel. These may or may 
not be in phase; hence, the total resulting displacement 
of the body of the vehicle may be either greater or less 
than it would be if only one wheel were to pass over the 
obstruction. 

The natural vibratory periods of the tires and the front 
and the rear springs are largely responsible for the con- 
tinuance of displacements of large amplitude that affect 
the entire vehicle when it passes over obstructions similar 
to that of the railroad-crossing mentioned. The co- 
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Fic. 5—-OSCILLOGRAPHIC 
The Upper Curve 


Was Taken from the Frame 


efficient of damping of the tires and springs also appre- 
ciably affects this factor. It is the interrelation of these 
various displacements resulting from the more elastic 
members of the vehicle, namely, the tires and the springs, 
that causes the condition commonly known as “galloping.” 


INVESTIGATION CONFINED TO DEFINITE CONDITIONS 


If the results of a riding-qualities investigation are to 
be kept sufficiently simple for practical use it is necessary 
that the investigation shall be confined to a definite con- 
dition, or at least a definite set of conditions. This can 
be done best by placing an artificial obstruction upon the 
smoothest roadway obtainable. Under reasonably con- 
stant road conditions, successive tests with variations of 
only one factor will give results having satisfactory ac- 
curacy. Means of obtaining such conditions in the 
laboratory are illustrated in Fig. 2, in which is shown a 
large heavy cast-iron drum mounted on massive bearings. 
On the outer surface of the drum is bolted the desired 
artificial obstruction. A conventional chassis is arranged 
so that the rear wheels run on and drive the drum. Any 
chassis may be used, the one shown being equipped with 
an adjustable-speed electric motor. 

In a further comparison of the factors affecting riding- 
qualities, it is necessary, after records have been ob- 
tainec| under these conditions, to supplement these data 
by several other conditions simulating more or less severe 
road conditions, after which a final trial may be made 
on several classes of road under average operating con- 
ditions and surfaces of road. 





The Necessity for a 


RECORDS OF THE AXLE AND FRAMB 
Immediately above the 
Spring Mounting 


FOR THE DISPLACEMENTS SHOWN IN Fa. 1 
Rear Axle; the Lower, from the Rear Axle at the 


Measurements of the displacements obtained during 
the first of such a series of tests will provide data for 
elaborate mathematical analysis. It has been found, 








Time, sec 



























0.04 0.08 O12 O10 020 024 028 O32, a 
™ L “Solids SA 
cushions 4g t 

77S Ge EE | +—+— 1.5 E 
-Preumatics 108 

/"7T 7 N 3 



























\ - i Cae 5 es. 
Distance ft. 


Obstruction 
“ 3In.Wide 
L Tn. High 






4 


Fic. 6—CHART SHOWING RELATIVE DISPLACEMENT-TIME CURVES FOR 
THREE TYPES OF TIRE 


These Curves Were Made under the Same Conditions as Those of 
Fig. 1, Except for the Difference in the Tires 


however, that, except in the simpler cases, mathematical 
analysis without accurate measurements of displacement 
is of slight, if any, value. This is due largely to the 
lack of conformity .of the displacement to any definite 
wave-form. For a determination of the relative riding- 
qualities of tires or springs, it now appears that 


sufficiently precise results can be obtained from the 
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Fic. 7—ACCELEROMETER RECORD WITHOUT DAMPING 
High Damping-Coefficient Is Shown Conclusively in This and the Following Illustration 
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Fic. 8—ACCELEROMETER RECORD WITH DAMPING 
This Record and That of Fig. 7 Were Taken on the Filing-Machine Shown in Fig. 3 under Identical Conditions 


measurement of the vertical displacement and of the 
accelerations occurring on the displacement curve, sup- 
plemented by observation of the interrelation of the four 
tires or springs under actual road service. 


DISPLACEMENT CHARACTERISTICS 


Since the mathematical relation of displacement-time, 
velocity-time and acceleration-time curves of simple har- 
monic motion are well known, it is desirable to create 
such a condition for studying the characteristics of ac- 
celerometers. Fig. 3 shows a conventional filing-machine 
arranged for such service. A revolving crank to which 
is pivoted a block sliding in a slotted bar attached to a 
vertical shaft and guided by bearings translates rotary 
motion into simple harmonic motion. The acceleration 
can be varied by changing the stroke; the periodicity or 
frequency by changing the revolutions per minute. 

Rotary motion is thus converted into vertical har- 
monic motion, the velocity and acceleration of which can 
be readily computed; hence, it is possible to determine 
definitely the acceleration at any portion of the displace- 
ment-time curve and, by varying the number of revolu- 
tions per minute of the crankshaft, any desired accelera- 
tion can be obtained. By varying the throw of the crank, 
the desired amplitude of acceleration, moreover, can be 
obtained in any desired period. The whole constitutes a 
means of securing any possible combination of accelera- 
tion and frequency within the mechanical limits of the 
machine. 

The relations existing among the displacement-time, 
velocity-time and acceleration-time curves is shown in 
Fig. 4, into which the mechanism of Fig. 3 is inserted 
diagrammatically to show the path described by the 
crank and by the accelerometer in relation to time, to- 
gether with the computed velocity and acceleration curves 
for the motion of the accelerometer. 


DISPLACEMENT-TIME CURVE 


The displacement-time curve is obtained directly 
from measurements of the revolutions per minute and 
the crank throw of the filing-machine, the velocity and the 
acceleration curves being computed from these data by 
the formulas 

V=vcsa 
a= (v’/r) sin « 
where 

a = Acceleration, ft. per sec. per sec. 

r = Radius of crank 

V = Vertical velocity, ft. per min. 

v = Velocity of crank-pin 

a = Crankpin angle with the horizontal center-line 


It will be seen that the greatest velocity occurs at 
zero on the displacement-time curve and, since the 


velocity-time curve is a cosine curve, its wave-form is 
similar to that of the displacement-time curve and is 90 
deg. out of phase. The acceleration-time curve follows 
the wave-form of the displacement-time curve and is in 
phase with it, the maximum acceleration occurring at 
the maximum displacement. On account of the relations 
existing among these three curves, it is possible to 
derive two curves mathematically from the one that is 
measured by the instrument. Such procedure, however, 
becomes very laborious when it is necessary to secure 
data from a large number of curves. Velocity is not of 
direct benefit in arriving at the cyclic forces operating 
when passing through a definite displacement; measure- 
ment of displacement-time and of acceleration-time 
curves gives all the necessary data required in judging 
riding-quality. 

While the method of producing simple harmonic mo- 
tion that has been described is an excellent laboratory 
means of accelerometer calibration, its application to dis- 
placements actually occurring on the road is very limited, 
for these displacements do not follow the curve of har- 
monic motion with sufficient precision to justify mathe- 
matical analysis on this basis. This again emphasizes 
the desirability of measuring directly the displacement 
and the acceleration. 

From the fundamental formula, force equals mass 
times acceleration, and knowing the sprung and un- 
sprung weights, it is apparent that the forces acting at 
any point of the displacement curve are the algebraic sum 
of the unsprung weight multiplied by its acceleration and 
the sprung weight multiplied by its acceleration. Com- 
putation of forces in this manner requires the accurate 
recording of two accelerometer records on one chart to 
one time-scale. Fig. 5 shows the acceleration records 
of the axle and the frame for the displacements shown 
in Fig. 1. These were taken on separate films, as only 
one accelerometer was available at the time. The upper 
curve was taken from the frame immediately above the 
rear axle; the lower, from the rear axle at the spring 
mounting. The records were made under the conditions 
obtaining in Fig. 1. 


BUREAU OF PUBLIC ROADS’ TESTS 


The Bureau of Public Roads of the Department of 
Agriculture, in conducting road-impact tests, has sub- 
stituted for the accelerometer mounted on the sprung 
load, or the frame of the vehicle, calibration of the 
vehicle spring and measurement of the spring deflection. 
By determining, in this manner, the forces acting at a 
number of points on, for instance, the first half-cycle of 
the displacement curves in Fig. 1, it is possible to ar- 
rive at an average value for the half-cycle which, with 
the time and the forces acting, gives directly the work 
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done in passing over the obstruction. The quantity of 
work done may not be of direct interest in judging rid- 
ing-qualities; since its source lies in the gasoline tank, 
however, it cannot be neglected in the design of tires and 
springs. The use of two accelerometers, one on the axle 
and one on the frame, is applicable to service under any 
conditions of road. In the laboratory, it is preferable, 
however, to secure, in addition to the accelerometer rec- 
ords, a displacement-time record from which the tire 
and spring deflection at any desired point can be taken 
directly. 

The method that has been outlined for obtaining the 
factors deemed essential in arriving at the relative 
merits of different tires and springs is, perhaps, the 
shortest and most easily computed that is available. 
Many more elaborate and complete formulas are readily 
available for analysis of wave-forms, especially if one 
cares to go into the realms of calculus. In Fig. 6 the 
relative displacement-time curves are shown for three 
types of tire. These were taken under the conditions 
shown in Fig. 1, except for the difference in the tires. 


“ESSENTIALS OF INSTRUMENT DESIGN 


The purpose of an accelerometer is to record the am- 
plitude of acceleration with reference to time, with a 
sufficient degree of accuracy to meet the purpose at hand. 
This requires an instrument that will not only record the 
maximum amplitude but will follow the actual wave-form 
of the acceleration being recorded, with the same degree 
of accuracy that it records the maximum amplitude. It 
has been shown that, in arriving at a comparison of 
riding-qualities, it is necessary to consider time as well 
as vertical displacement and vertical acceleration; hence, 
the instrument must be so constructed that it will record 
time with the same degree of accuracy that it records 
the amplitude of displacement or of acceleration. Since 
the cyclic displacements or accelerations occurring when 
the vehicle passes over an obstruction on the road are 
of comparatively short period, and since numerous high- 
frequency vibrations occur in both the axle and the 
frame, caused probably by gear and engine vibration, it is 
believed that the following two essentials must be incor- 
porated into the design of instruments, if they are to be 
of practical value in determining riding-qualities: 

(1) The natural frequency of free vibration of the 

instrument must be not less and preferably 
more than three times that of the frequency of 


the displacement or the acceleration to be meas- 
ured 


(2) A relatively high coefficient of damping must be 
provided to minimize the effect of the high-fre- 
quency vibrations having a period close to those 
of the instrument 


Numerous treatises on instrument design have shown 
the necessity for a high natural period of the instrument, 
if the wave-form of the vibration is to be recorded ac- 
curately. F. H. Norton and E. P. Warner’ have shown 
its effect in relation to accelerometers. The necessity 
for a high damping coefficient is shown very conclu- 
sively in Figs. 7 and 8. These two accelerometer records, 
without and with damping, were taken on the filing-ma- 
chine shown in Fig. 3 under identical conditions. 


LOW DEFLECTION IMPORTANT 


In accelerometers using any form of spring, it is essen- 
tial, if the natural free-period is to be kept short, to have 
as low deflection as is consistent with the securing of a 





: 2See National Advisory Committee for Aeronautics Report No. 
00. 
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legible record. Since the natural free-period is pro- 
portionate to the square of the deflection, it becomes ap- 
parent that, to have a reasonably short free-period, the 
deflection must be reduced to microscopic dimensions. 

In the development of instruments for any purpose, it 
is desirable, whenever possible, to adapt apparatus of 
known characteristics to the purpose at hand. On this 
account, the use of an oscillograph for recording is de- 
sirable, as its characteristics and operation are well 
known. 

It will be seen that the limitations imposed by the 
requirements of high natural frequency and high co- 
efficient of damping make the construction of an instru- 





Fig. 9—SPECIALLY DESIGNED CHRONOGRAPH FOR RID- 
ING-QUALITY RESEARCH WoORK 
Two Vertical Displacements and the Time Can 
Be Recorded Simultaneously on a Paper Chart 
Traveling at a Constant High Speed. The Chrono- 
graph Is Also Arranged for Remote Operation 


ment meeting these conditions difficult, if not impossible, 
if mechanical construction is adhered to. The desira- 
bility of electrical or of optical construction, or of both, 
as a means of recording acceleration, is evident. For- 
tunately, both optical and electrical recording-instru- 
ments are well developed; hence, research work in instru- 
ment development can be concentrated on the construc- 
tion of the actuating portion of the instrument. 

The electrical method has the distinct advantage of al- 
lowing the integration of amplitude and time. This opens 

















Fig. 10—ACCELEROMETER CONSTRUCTED FROM CARBON STACKS, To- 
GETHER WITH ITs RECORDING OSCILLOGRAPH 


The Actuating Element, When Accelerated, Varies an Electric 
Current by Changing the Resistance of a Stack of Thin Carbon 
Plates, the Variation Being Recorded by an Oscillograph Three 


Records May Be Obtained Simultaneously on the Same Film 


a definite line for future research work in developing a 
compact rugged integrating-instrument suitable for port- 
able use under any desired road conditions. Since the 
time element is of importance in the determination of 
riding-qualities, any totalizing apparatus, to be of prac- 
tical value, must be arranged to integrate the two vari- 
ables, acceleration and time. 


INSTRUMENT CONSTRUCTION AND OPERATION 


In the preliminary research work on riding-qualities 
initiated several years ago, it was thought desirable that, 
to secure results independent of the instrument errors 
so common in various accelerometers and other apparatus 
developed previously for this purpose, the construction 
of graphical apparatus should depend only on mechanical 
linkages. To this end, a chronograph of special design 
was constructed, which is shown in Fig. 9. This is ar- 
ranged so that two vertical displacements can be re- 
corded simultaneously on a paper chart traveling at a 
constant high speed and provision has been made for re- 
cording time directly on the chart. It is also arranged 
for remote operation. 

The chronograph consists of two vertical cylinders 
parallel to each other and also parallel to a roll of in- 
strument paper secured by friction devices on a third 
upright cylinder, the paper being 10 in. in width, having 
perforations at the edges and being so arranged that it 
is driven by one cylinder and wound on another of larger 
diameter by an over-running friction-clutch. The cylin- 
ders are chain-driven by a synchronous motor through 
an electrically operated dog-clutch. It has been found 
that paper charts can be run satisfactorily in this man- 
ner up to a speed of 25 in. per sec. 

Above the upper ends of the cylinders are mounted 
electromagnets with pointers operating on a two-color 
typewriter ribbon, one actuated by a 4-sec. pendulum, 
the other by a contact on the periphery of the drum road- 
way, so as to record the leading edge of the obstruction 
as well as the revolutions of the drum. Hence, the 
peripheral speed of the drum can be accurately deter- 
mined regardless of the exact functioning of the chrono- 





See The Engineer, Feb. 9, 1923, p. 138; 
102. 


* See Bureau of Standards Technological Paper No. 247. 
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graph paper-driving mechanism. Red and black pencil 
leads are used as a means of marking the record. These 
are mounted in clamps arranged for adjustment and are 
driven by linkages connecting directly with the vehicle 
axle and frame. The vertical shafts carrying the pencil 
and its mounting are arranged to rotate through a small 
arc. In this manner it is possible to hold the pencils off 
the paper until the exact instant at which it is desired to 
start the record. The pencils are then lowered electri- 
cally. To use the minimum amount of paper, the driving- 
clutch, the pencil-release mechanism and the electrical 
circuits to the two magnets are arranged to start simul- 
taneously with the closing of a single switch. Inciden- 
tally, this chronograph has proved very valuable in the 
study of various displacements occurring at high fre- 
quency and where remote control of the instrument is 
essential, one specific example being in the investigation 
of the steering difficulty known as “shimmying.” 


STUDY OF AVAILABLE ACCELEROMETERS 


With the chronograph and the apparatus, as shown in 
Fig. 2, together with the means of calibrating the ac- 
celerometer, shown in Fig. 3, it was possible to undertake 
a systematic study of available instruments. It was soon 
found that accelerometers of the mechanical type had 
erratic inaccuracies of such magnitude that they were of 
no value in differentiating between the riding-qualities 
of various tires and of various springs. Results of the 
tests indicated the necessity for the development of a 
satisfactory accelerometer before doing further work on 
riding-qualities research. It is now felt, however, that a 
satisfactory accelerometer has been made. 

In initiating work in accelerometer design, two specific 
means were found to be available and worthy of further 
research work. In 1923, H. A. Thomas’, of the National 
Physical Laboratory, published the results of an investi- 
gation of the variation in the anode current of a thermi- 
onic valve when oscillating at extremely high frequencies 
in the presence of a conducting metal. Extremely small 
variations in the position of the metal relatively to the 
oscillating coil were found to cause comparatively large 
variations in the anode current; and a sufficiently precise 
relation existed to enable accurate wave-forms to be re- 
corded in terms of the anode current. This method was 
found to meet the fundamental requirements, but the ap- 
paratus was somewhat expensive to construct and cum- 
bersome to use. It was decided, therefore, to investigate 
further the electrical-resistance characteristics of stacks 
of carbon plates. A very complete work on this subject 
has since been published by Burton McCullom and O. S. 
Peters‘, of the Bureau of Standards. It was thought pos- 
sible that the use of such carbon stacks could be extended 
to other applications, some of which have been outlined in 
the publication mentioned. 


CARBON-STACK ACCELEROMETER 


Preliminary determinations of the characteristics of 
carbon stacks were somewhat discouraging. Extreme re- 
finement, however, in the construction of the carbon disc 
and of the carbon stack mountings, as well as of the sup- 
porting frame, reduced erratic errors to less than 5 per 
cent. It was found that the longer an accelerometer re- 
mained in service, the less frequently errors occurred. 
The design now in service has errors of less than 2 per 
cent, a degree of accuracy that may be considered suffi- 
cient for practical purposes. An accelerometer con- 
structed from carbon stacks, with its recording oscillo- 
graph, is shown in Fig. 10. In this type of accelerometer 
the actuating element, when accelerated, varies an 
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electric current by changing the resistance of a stack of 
thin carbon plates. The electric variation is recorded by 
an oscillograph. Three records may be obtained simul- 
taneously on the same film. 

A conventional oscillograph is used to record the re- 
sistance variations of the carbon stacks. A true record 
of the acceleration-time curve is thus obtained. By actual 
determination the natural free-period of this accelerom- 
eter was found to be 360 cycles per sec. which, although 
not so high as might be desired, is sufficient to reduce 
errors from this cause to less than 2 per cent. 

Construction of the actuating element is shown in Fig. 
11. The central weight supported by two flexible dia- 
phragms acts upon and increases the pressure on one 
carbon stack and decreases it on the opposite carbon 
stack when the whole instrument is subjected to acceler- 
ation. The carbon stack serves as two arms of a Wheat- 
stone bridge. The other two are attached to the cover 
plate. A calibration rheostat, which is not shown, is also 
incorporated in one of the cover plates. 

To secure the necessary damping the case was filled 
with a refined oil. The damping coefficient can be varied 
by increasing the surface of the central weight. In op- 
eration, it was found necessary to rearrange the oscillo- 
graph so that the film could be brought up to constant 
speed rapidly and the record could be made as large as 
possible on a 5 or 10-in. strip of film. This was accom- 
plished by the means shown in Fig. 12. A solenoid oper- 
ating a rack with its pinion mounted on the light switch 
was added to the oscillograph and was energized through 
a contact properly placed on the periphery of the roadway 
drum. A magnetic clutch was constructed and placed be- 
tween the film-holder and the driving-head, being ener- 
gized by the regular remote-control switch on the shutter 
mechanism. 


METHOD OF OPERATION 


The operation, when taking an acceleration record with 
the set-up shown in Fig. 2, is as follows: The roadway 
drum is brought up to speed, after which the switch on 
its periphery is moved into position and makes contact 
at a predetermined point. This energizes the solenoid, 
which, in turn, moves the light-switch over against a 





Fig. 11—DeEralILs OF CONSTRUCTION OF THE ACTUATING ELEMENT OF 
THE CARBON-STACK ACCELEROMETER 


The Carbon Stack Serves as Two Arms of a Wheatstone Bridge; 
the Other Two Are Attached to the Cover Plate. When the 
Instrument Is Subjected to Acceleration, the Central Weight Sup- 
ported by Two Flexible Diaphragms Acts upon and Increases the 
Pressure on One Carbon Stack While Decreasing It on the Other 
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Fic. 12—VIEW OF OSCILLOGRAPH AS REARRANGED 
This Was Found To Be Necessary So That the Film Could Be 
Brought Up to Constant Speed Quickly and the Record Could 
Be Made Larger 


stop set for the desired lamp voltage at which the point 
contact is to be made and energizes the shutter magnet. 
The shutter, in releasing, actuates a remote-control 
switch in the control-head magnetic-clutch circuit and 
the film begins to revolve, after which the film exposure 
is made by the usual shutter-operating mechanism. It 
was found that this method enabled the film to be brought 
up to the desired constant-speed in a very short time, and 
the record could be started within 0.2 in. of any desired 
point on the film. 

By the use of accessories provided for the oscillograph, 
it is possible to take records 36 in. long. This feature 
becomes of value in making records under road-service 
conditions. A number of optical recording-devices that 
have recently been developed, some of which are exceed- 
ingly compact and have been designed solely for acceler- 
ometer use, would be as satisfactory as the oscillograph, 
besides having the advantages of greater simplicity and 
portability. In the calibration of accelerometers, the 
value of a device for producing simple harmonic motion 
cannot be overemphasized. Such a device will quickly 
answer the questions: Will the instrument record the 
true wave-form of the acceleration that it is desired to 
measure? Will the instrument record accurately the 
maximum acceleration at the frequency at which it oc- 
curs under actual road conditions? Incidentally, the de- 
vice as shown in Fig. 3 serves as a means of testing the 
life of any apparatus that may be mounted upon it. 

The author has had the disconcerting experience of 
watching several otherwise good accelerometers rapidly 
disintegrate when placed on this machine. After the 
ability of the instrument to follow the wave-form of the 
highest necessary frequency has been determined, the 
accelerometer can be calibrated directly by dead weight. 
To do this, note the reading when the instrument is in a 
vertical position, then invert it through 180 deg., again 
noting the reading. The difference is the deflection 
caused by an acceleration twice that due to gravity. 
Again placing the instrument in the vertical position and 
attaching known weights to the center piece of the ac- 
celerometer until the deflection equals one-half the dif- 
ference found by inverting, the dead weight required to 
produce a deflection equivalent to gravity can be found. 

In this manner, by a simple addition of weight, the ac- 
celerometer can be rapidly calibrated over its entire 
range. 

In selecting an accelerometer for measuring riding 
qualities, preference should be given to instruments that 
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are adaptable to easy and rapid calibration. It is often 
more desirable to use an instrument of inferior accuracy, 
and to calibrate it both before and after the test, rather 
than an instrument having high accuracy but of such 
construction that calibration is exceedingly difficult. 


CONCLUSION 


From the results of a number of years’ research on 
riding-qualities, it is apparent that sufficient indication 
of the relative riding-qualities of tires or of springs can 
be obtained from the accurate measurement of vertical 
displacement and of vertical acceleration. These factors 
are only two of a large number that occur when a vehicle 
is passing over an average road. In the absence of any 
definite psychological or physiological basis, it has been 
deemed sufficient, in order to judge the relative effects of 
different vibrations, to assume that tires and springs that 
reduce motion increase riding-quality. Motion can be 
measured against time as a displacement, as velocity or 
as acceleration, it being preferable to measure accelera- 
tion-time and displacement-time curves, if possible. Since 
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the latter method is adaptable only to laboratory service, 
two acceleration-time records can be obtained on the road 
that will give the necessary data for the computation of 
the forces involved, that is, the acceleration-time record 
of the frame taken in a vertical plane on the rear-axle 
center-line. Numerous tests and summaries of the re- 
sults obtained by the various accelerometers that are 
available indicate the need of a high natural free-period 
of vibration of the instrument and a large damping- 
coefficient. The construction of an accelerometer into 
which are incorporated these essentials involves the 
magnification of a motion of microscopic amplitude. The 
present instrument has a natural free-period of 360 cycles 
per sec. and a comparatively high damping-coefficient. 
Records are made with a standard oscillograph. From a 
large number of records and after careful calibration, 
both statically and with frequencies up to 200 cycles per 
sec., it has been found that the records obtained are ac- 
curate to within plus or minus 2 per cent, which is ample 
for differentiating between the riding-qualities of various 
tire and spring constructions. 


EFFECTS OF THE NEW IMMIGRATION LAW 


EXICO and Canada at present are the chief sources 
of foreign labor supply in the United States, according 
to an analysis of the working of the new immigration re- 
striction law by the National Industrial Conference Board, 
New York City. In the 7 months after the new immigra- 
tion law went into effect, July 1, 1924, to Jan. 31, 1925, 
the net immigration from Canada and Mexico constituted 
78 per cent of the total immigration from all countries. 
Total immigration in the first 7 months after the new 
immigration law took effect shows a drop of 68.3 per cent, 
as compared with the corresponding period in 1923, the total 
being 168,689 from July 1, 1924, to Jan. 31, 1925, as against 
533,471 in the corresponding months of the preceding year. 
The influx from the Eastern Hemisphere under the new law 
decreased 77.1 per cent, while that from our own continent 
decreased 51.6 per cent. 
Total emigration during the same period increased 26.8 
per cent. Emigration to the Old World shows an increase 
of 30.8 per cent, while the number of aliens leaving the 


United States for other American countries increased only 
5.5 per cent over the corresponding period in 1923. The total 
influx of 79,741 aliens from the Eastern Hemisphere is offset 
by an emigration to it of 56,916 aliens, indicating an enor- 
mous rate of return of immigrants from the East to the 
land of their birth. But only 6898 aliens left the United 
States for other countries in America, leaving a net Western 
immigration of 82,050, against a total inflow of 88,948. Of 
these, 81,807, or 78 per cent, are from Canada and Mexico. 
New immigration, representing the permanent increase 
through immigration since the new law went into effect, July 
1, 1924, to Jan. 31, 1925, amounted to 104,875, as compared 
with 483,719 in the corresponding period in 1923. Of these 
104,875 the Eastern Hemisphere furnished 22,825, while 
82,050 came from the American Hemisphere, Eastern net 
immigration having decreased 92.5 per cent, and Western 
net immigration decreased 53.8 per cent, with total net immi- 
gration showing a 78.3-per cent decrease in the first 7 
months under the new immigration law.—Economic World. 


INDUSTRIAL FLYING 


HE period through which we have just passed and 

through which we are still passing is called the consolida- 
tion stage, in which the findings of earlier investigators are 
being compiled and made ready for the next step in the 
progress of air mechanics. It is necessary for this progress 
to be slow in order that it may be more authoritative and 
reliable. 

As a result of 6 years of careful and sure development 
We are now on the threshold of an industrial era of flying. 
During the period to come the airplane probably will assume 
many of the functions of motor cars and railroads. To 
speed-up this development, many of the European govern- 
ments have subsidized air-lines. They regard their expendi- 
tures for these lines not as money given gratis, with no 
appreciable return, but as very profitable investments in 
national defense. 

France operates a route from Paris to Morocco on a 


regular schedule and plans to extend the line from its present 
terminal to a point farther away on the West African coast. 
There the planes will connect with steamships to South 
America. Within a few years France expects to put a flying 
service across the Atlantic, with stops at the Cape Verde 
Islands and at St. Paul’s Island, thus establishing intercon- 
tinental air service. 

England has under construction three giant dirigibles, 
each twice as large as the Los Angeles. They will be used 
in the air service between England and Australia, by way 
of India and Canada. However, 2 years is required for their 
construction. The British government will, in a short time, 
start another route from England to India under the control 
of the British Imperial Airways, a £1,000,000 monopoly. 
Approximately a week will be cut from the present traveling 
time to India by this route.—From an address by Lieut. J. P. 
Van Zant at Yale University. 
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ABSTRACT 


UTOMOBILE noise, although useful as a detector 
of mechanical imperfections of car operation, is 
otherwise so extremely undesirable that elaborate 
methods for analysis with a view toward preventing 
or suppressing such noise are warranted since it is, 
according to the author, sound disagreeably out of 
place. He therefore presents an illustrated and de- 
tailed description of the mechanism of human hear- 
ing, according to studies made in the interests of tele- 
phonic transmission of maximum effectiveness, enumer- 
ating and explaining the devices developed for evaluat- 
ing the sources of sound and its modes of propagation 
and amplification, because the noise problem as _ it 
concerns the automotive engineer must be considered 
not only as a problem in physics but also as a problem 
in the physiology of hearing. 
An automobile can be considered to be composed of 
a number of acoustic resonators having varied degrees 
of coupling between them, and comparisons are made 
of the velocity of sound propagation through the dif- 
ferent materials with that of its transmission in air, 
the velocity being greater in the structural material. 
The apparatus used for the detection of noise and its 
measurement consists of varied types of equipment, 
divided into two classes; one includes the contact type 
and the other the air-impact type, both being exempli- 
fied and discussed. 





Fic. 1—TuHe HUMAN EAR 


The Mechanism of Hearing Is Usually Divided into the Outer Ear, 
Including the Lobe, the Ear Canal and the Drum; the Middle Ear, 
a Small Hollow Space Containing the Hammer, the Anvil and the 
Stirrup, a Chain of Three Small Bones That Carry the Vibrations 
from the Drum to the Inner Ear; and the Inner Ear, a Spiral 
Space in the Bony Qhell Filled with a Fluid and Termed the 


Cochlea. It Is in This Last Division That the Auditory Nerve 


Terminals Are Situated 


Following an enumeration of the different detectors 
and auxiliary apparatus in use and comments upon the 
methods employed, it is stated among other conclu- 
sions that it seems advisable to base loudness measure- 
ments of automobile noise upon the difference of 
energy between the measured sound and:-an arbitrary 
standard of sound which is the threshold of normal 
hearing; that, to locate the origin of automobile noise, 
it frequently is sufficient merely to detect the noise 
without measuring its loudness; and that, to identify 
the origin of automobile noise, it often is of value to 
ascertain its component frequencies. 


mobile noise is now regarded as sound disagreeably 

out of place. This sentiment has developed along with 
the increasing mechanical excellence of the automobile, 
not only in the minds of automotive engineers, but also 
in the mind of the buying public. Automobile noise 
renders a most useful service to the engineer and to the 
automobile driver, as an immediate barometer of con- 
temporaneous events, but it is not wanted. 

In the telephone business, we are primarily concerned 
with the transmission of speech. Noise affects what can 
be heard and reduces the intelligibility of speech. This 
reduction in what is heard is known as “masking”. To 
understand this effect of masking, the mechanism of 
hearing must be considered, and some interpretation 
should be given to the hearing of the average individual 
having so-called “normal hearing.” 


[: has been said that dirt is matter out of place. Auto- 


MECHANISM OF HUMAN HEARING 


The mechanism of human hearing is usually divided 
into three parts: the outer, the middle and the inner ear, 
as shown in Fig. 1. The outer ear includes the lobe, the 
ear canal and the drum. The middle ear is a small hollow 
space containing the hammer, the anvil and the stirrup, 
a chain of three small bones that carry the vibrations 
from the drum to the inner ear. The inner ear is a 
spiral space in the bony shell which is filled with a fluid; 
it is called the cochlea. It is here that the auditory-nerve 
terminals are situated. Attached to the cochlea are three 
tubular projections in planes at right angles. These con- 
stitute the semi-circular canals and take no part in the 
process of hearing but give us the balancing sense. With- 
out them we could not walk or stand erect. 

In Fig. 2, for the sake of simplicity, the inner ear is 
shown uncoiled. It is composed of two compartments 
separated by a narrow flexible membrane called the 
basilar membrane, except at the apex of the cochlea, 
where a small opening called the helicotrema connects 
them. The terminals of the auditory nerves are located 
along this membrane. When a sound vibration impinges 
upon the ear drum, it is transmitted through the three 
bones of the middle ear to the oval window. Here the 
vibration is communicated to the fluid contained in the 
cochlea. If the pitch of the sound is very low, the fluid 
is moved bodily back and forth around the dividing 
basilar membrane. The motion at the round window is 
opposite in phase to that at the oval window; that is, the 
latter moves outward when the former moves inward, and 
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Fic. 2—THE INNER EAR, UNCOILED 


It Is Composed of Two Compartments Separated by a Narrow 

Flexible Membrane Called the Basilar Membrane, except at the 

Apex of the Cochlea, where a Small Opening Called the Helico- 

trema Connects Them. The Terminals of the Auditory Nerves Are 
Located along This Membrane 


the only motion imparted to the dividing basilar mem- 
brane is at the small opening. Secondly, only the nerve 
terminals in the vicinity of the small opening are stimu- 
lated. For very high frequencies, the reaction of the 
fluid is so great that most of the vibrational energy is 
transmitted through the basilar membrane very near the 
oval window, stimulating only the nerve terminals in 
that vicinity. For frequencies between these extremes, 
the vibrational energy is transmitted through the basilar 
membrane at different regions between these extremes, 
the position depending upon the frequency. For example, 
1000 cycles is sensed by the nerve terminals very near 
the center of the basilar membrane. In Fig. 3 is shown 
the position on this membrane where the various fre- 
quencies are sensed as plotted by R. L. Wegel and C. E. 
Lane’. 

It has been found that the transmitting mechanism of 
the inner ear is non-linear in its response to sound. For 
this reason, when loud complex tones or noises are im- 
pressed upon it, due to the distorting effect of the middle 
ear, the frequencies producing the stimulations in the 
inner ear are very different from those impressed upon 
the outer ear. From this it results that the quality of 





2See Physical Review, February, 1924 
>See Physical Review, February, 1924 
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Fic. 3—FREQUENCY R&SGIONS ON THE BASILAR MEMBRANE 


When a Sound Vibration Impinges upon the Ear Drum, Referring 
to Fig. 2, It Is Transmitted through the Three Bones of the Middle 
Ear to the Oval Window. Here the Vibration Is Communicated to 
the Fluid Contained in the Cochlea. If the Pitch of the Sound Is 
Very Low, the Fluid Is Moved Bodily Back and Forth around the 
Dividing Basilar Membrane. The Motion at the Round Window 
Is Opposite in Phase to That at the Oval Window; That Is, the 
Latter Moves Outward When the Former Moves Inward and the 
Only Motion Imparted to the Dividing Basilar Membrane Is at the 
Small Opening. Second, Only the Nerve Terminals in the Vicinity 
of the Small Opening Are Stimulated. For Very High Frequencies, 
the Reaction of the Fluid Is So Great That Most of the Vibrational 
Energy Is Transmitted through the Basilar Membrane Very Near 
the Oval Window, Stimulating Only the Nerve Terminals in That 
Vicinity. For Frequencies between These Extremes, the Vibrational 
Energy Is Transmitted through the Basilar Membrane at Different 
Regions between These Extremes, the Position Depending upon 
the Frequency. For Example, 1006 Cycles Is Sensed by the Nerve 
Terminals Very Near the Center of the Basilar Membrane, as 
Shown in the Above Illustration 
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response amplitude of the basilar membrane toward two 
separately impressed tones having frequencies of 400 and 
1200 cycles respectively. It is seen that about one-half 
the length of the basilar membrane is vibrating, although 
only a single tone is impressed upon the ear. 


AUDITORY MASKING AND DYNAMICS OF THE INNER EAR 


Since the vibration of the basilar membrane at differ- 
ent distances from the oval window stimulates different 
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Fic. 4—-RESPONSE OF THE BASILAR MEMBRANE FOR Two SEPARATE 


TONES 
When a Pure Loud Tone Free from Harmonics Is Impressed Upon 
the Ear Drum, a Large Number of Harmonics of the Tone Are 
Impressed Upon the Nerve Terminals. For This Reason, Not 
Only Are the Particular Nerve Terminals in the Region Correspond- 
ing to the Frequency of the Pure Tone Stimulated, but Also Those 
in the Regions Corresponding to the Harmonics. ‘This Illustration 
Shows the Response Amplitude of the Basilar Membrane toward 
Two Separately Impressed Tones Having Respective Frequencies of 
400 and 1200. About One-Half of the Length of the Basilar Mem- 
brane Is Vibrating, Although Only a Single Tone Is Impressed 
upon the Ear 

auditory nerves, thus giving the sensation of different 
tones, it is evident that the amplitude of the response by 
the basilar membrane at different points has something 
to do with the amount of hearing at these different fre- 
quencies. Fig. 5 shows the curve of the variation of the 
basilar membrane along its length in response to a 
primary tone of a single frequency, as given by R. L. 
Wegel and C. E. Lane®. This curve is maximum at a 
point in the region of R,, and falls off rapidly on both 
sides. The dotted horizontal line is drawn to correspond 
to the minimum amount of vibration necessary to pro- 
duce perceptible stimulation of the nerve terminals along 
the length of the basilar membrane. 

It is evident that the vibrating parts of the basilar 
membrane cannot be used for interpreting other sounds 
until the amplitudes of the basilar membrane produced 
by these other sounds are greater than the amplitudes 
produced by the primary tone. This is a concept of 
great importance and indicates just how and why ex- 
traneous sound interferes with hearing. It is thus seen 
how the ear is incapable of hearing a particular sound in 
the presence of a second sound until the intensity of the 
first sound has overcome this masking effect that is pro- 
duced by the vibration of the basilar membrane caused by 
the second sound. The masking of one tone or sound by 
another, especially if the masking sound is loud, is not 
altogether simple. 


Fig. 6 shows in still further detail the complication 
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that is found in the sensations that can be caused by two 
pure tones. The introduction of overtones, the existence 
of beats and the non-linear response of the ear mechan- 
ism give us this complicated state of affairs that is here 
represented. It should be noted that this complication 
represents the state of affairs found merely for two pure 
tones, and not for the still more complicated state of af- 
fairs that is had when noise is considered. 

The recent work of H. Fletcher, R. L. Wegel and C. E. 
Lane in the Bell Telephone Laboratories has shown that 
this non-linear response produces subjective tones so 
that all the summation, the difference and the harmonic 
frequencies, as well as the impressed frequencies produce 
nerve stimulation. They used a very special quality or 
distortionless telephone system to reproduce musical 
sounds obtained from the voice, the piano, the violin, the 
clarionet and the organ without any appreciable distor- 
tion. In this telephone system, electrical filters were in- 
troduced which made it possible to eliminate any desired 
frequency range. Results with this system showed that 
only the quality and not the apparent pitch of such musi- 
cal sounds changes when a group of either the low or the 
high-frequency components is eliminated. Even when 
the fundamental and the first seven overtones were 
eliminated from the vowel “ah” sung at an ordinary pitch 
for a baritone, the pitch remained the same. These re- 
sults were checked by steady synthesized musical tones 
produced by 10 vacuum-tube oscillators with frequencies 
of from 100 to 1000 cycles. It was found that three con- 
secutive component frequencies were sufficient to give a 
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Fic. 5—HYPOTHETICAL CURVE OF VIBRATION OF THE BASILAR 
MEMBRANE 


Showing the Variation of the Basilar Membrane along Its Length 
in Response to a Primary Tone of a Single Frequency. Since the 
Vibration of the Basilar Membrane at Different Distances from the 
Oval Window Stimulates Different Auditory Nerves, Thus Giving 
the Sensation of Different Tones, It Is Evident That the Amplitude 
of the Response by the Basilar Membrane at Different Points Has 
Something To Do With the Amount of Hearing at These Different 
Frequencies. The Curve in This Illustration Has Its Maximum 
at a Point in the Region of R, and Falls Off Rapidly on Both Sides. 
The Dotted Horizontal Line Is Drawn To Correspond to the 
Minimum Amount of Vibration Necessary To Produce Perceptible 
Stimulation of the Nerve Terminals along the Length of the Basilar 
Membrane 


Distance From Oval Window Helicotrema 


clear musical tone of apparent definite pitch correspond- 
ing to 100 cycles. 

The data relating to the non-linear response of normal 
ears have been obtained by the examination of a number 
of individuals having normal hearing. The individual 
variations from this average for normal ears are very 
great. If the frequency sensitivity of various individuals 
is examined, the variation of any one individual from 





*See Physical Review, June, 1922, p. 553. 
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Fic. 6—SPNSATIONS CAUSED BY Two PURE TONES 


The Introduction of Overtones, the Existence of Beats and the Non- 

Linear Response of the Ear Mechanism Produce the Complicated 

Conditions Ilustrated. Still Greater Complications Are Produced 
by So-Called Noise 


the average is surprisingly great. Fig. 7 gives the re- 
sults that were obtained in determining the sensitivity of 
20 women. A set of curves for 21 men was taken which 
was practically a duplicate of Fig. 7. Reference is made 
to the Frequency Sensitivity of Normal Ears‘, by H. 
Fletcher and R. L. Wegel. It is to be noted that these 
determinations of frequency sensitivity vary more or 
less from day to day in any single ear. Our general ex- 
perience in determining the amount of sound volume in 
the speech range that is required to make people hear, 
is about as follows: 


SOUND VOLUME WITHIN THE SPEECH RANGE 


Persons who have normal hearing require approxi- 
mately 1/1000 dynes per sq. cm. of sound variation of 
pressure against the ear drum. Persons who require a 
pressure variation of 1/10 dynes per sq. cm. are consid- 
ered to be slightly deaf. Those who require one dyne 
per sq. cm. are partly deaf, but usually can follow or- 
dinary conversation. Those who require 10 dynes per 
sq. cm. belong to that class who use ear trumpets or 
deafness-rectifying sets to amplify the speech waves. A 


Ratio of Sensi bility Jo Norma/ 





Frequency, cycles 


Fic. 7—AUDIOGRAMS OBTAINED FROM SENSITIVITY TESTS OF 20 
WoMEN HAVING NORMAL HBARING 


Similar Audiograms Were Obtained from 21 Men. The Frequency 
Sensitivity or Acuity of Hearing Varies from Day to Day in Any 
Single Ear. Persons Who Have Normal Hearing Require Ap- 
proximately 1/1000 Dyne Per Sq. Cm. of Sound Variation of 
Pressure against the Ear Drum. Those Who Require a Pressure 
Variation of 1/10 Dyne Per . Cm. Are Considered To Be Slight- 
ly Deaf. If 1 Dyne Per Sq. Cm. Pressure Variation Is Required, 
the Person Is Partly Deaf but Usually Can Understand Ordinary 
Conversation. Persons Requiring 10 Dynes Per Sq. Cm. Pressure 
Variation Are Classed with Those Who Use Ear Trumpets or 
Deafness-Rectifier Sets To sng? me Sound Waves Produced by 
peec 
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Fig. 8—AUDITORY-SENSATION AREA INCLUDING THE IMPORTANT 
RANGE OF FREQUENCIES AND INTENSITIES THAT ARB USED IN 
HEARING 


The Higher Levels in the Hearing Region Are Bounded by a Line 
Indicating the Threshold of Feeling, Where Values of Higher 
Intensity Produce a Sensation of Pain. The Hearing Area Is 
Bounded on Its Lower Side by a Line Indicating the Threshold 
of Audition or the Minimum [Intensities of Sound That Can Be 
Heard. The Area Enclosed between the Two Curves Is Known as 
the Auditory-Sensation Area. Each Point in It Corresponds to 
e Particular Tone Having a Definite Frequency and Intensity 
That Can Be Sensed by the Average Ear 


pressure variation of approximately 1000 dynes per sq. 
em. can be felt and produces a sensation of pain. This 
shows that, among people who can follow ordinary con- 
versation, the range in ear sensitivity is more than 1000, 
while among people who are noticeably deaf there is an- 
other range of 1000, making a total range of more than 
1,000,000 for people who can hear or be made to hear by 
amplifying devices. These diagrams that indicate the 
frequency sensitivity or the acuity of hearing are called 
audiograms. 

Fig. 8 includes the important range of frequencies and 
intensities that are used in hearing. It will be seen that 
the higher levels in the hearing region are bounded by 
a line indicating the threshold of feeling, where values 
of higher intensity produce a sensation of pain. The 
hearing area is bounded on its lower side by a line indi- 
cating the threshold of audition, or the minimum in- 
tensities of sound that can be heard. The area enclosed 
between these two curves is known as the auditory-sensa- 
tion area. Each point in it corresponds to a particular 
tone having a definite frequency and intensity that can 
be sensed by the average ear. The pitch and loudness 
scales are chosen so that the numerical value of the area 
of any portion of this auditory-sensation area is approxi- 
mately equal to the number of pure tones in this region 
that are perceptibly different. Reference is made to 
Physical Measurements of Audition’, by H. Fletcher. It 
will be noted that the region most used in speech occupies 
but a small portion of the total auditory sensation area. 

On account of the large numbers that are needed to 
represent the great range in ear sensitivity, also for con- 
venience in graphic representation, and since the ear 
sensitivity is a logarithmic function, the figures used to 
represent the magnitude of the tones are taken in terms 
of a logarithmic unit called a sensation unit. In magni- 
tude, it is the same as the unit used in telephone trans- 
mission studies known as a transmission unit. It is 
taken as 10 times the common logarithm of the intensity 
ratio. This means that if the intensity is multiplied by 
a factor of 10, the loudness is increased by 10; if the in- 
tensity is multiplied by 100, the loudness is increased by 





5See Journal of the Franklin Institute, September, 1923, p. 289. 
*See Physical Review, September, 1924, p. 306. 


20; if the intensity is multiplied by 1000, the loudness is 
increased by 30, and so on. This is seen in Fig. 9. 


ACUITY OF HEARING AUDIOGRAMS 


It has been found convenient to draw these audiograms 
with the line representing the threshold of audibility as 
a straight horizontal line in the upper part of the dia- 
gram, and with the threshold of feeling indicated by a 
smooth curved line in the lower part of it. Fig. 10 is an 
audiogram of a person having approximately normal 
hearing, who requires pressure variations of about 
1/1000 dyne to hear. Fig. 11 is the audiogram of a per- 
son having impaired hearing. Fig. 12 is my own audio- 
gram. 

Thus it is seen that not only do great differences exist 
in the acuity of hearing between individuals but, also, 
the capability of hearing is different for the two ears of 
the same individual and the acuity varies from day to 
day. Thus far in our studies we have found not only that 
no two people hear alike, but that no two ears hear alike. 
The variations from the normal in individual cases, it is 
seen, are very great; and an evaluation of the capability 
of hearing by the public that purchases automobiles 
would require a tremendous investigation. Such a study 
would necessarily be a statistical one, if it were to have 
much value. 


LOUDNESS OF COMPLEX SOUNDS 


We now understand that the loudness of complex 
sounds, as judged by different persons, is an extremely 
variable thing. Therefore, it is difficult to relate the 
loudness of complex sounds to what people actually hear. 
Further, since no statistical study has been made of the 
acuity, or capability, of hearing of the automobile-buying 
public, data are not now available from which there can 
be established the permissible maximum noise loudness 
that will be inaudible to automobile buyers as a class. 
However, H. Fletcher and J. C. Steinberg have investi- 
gated the Dependence of Loudness of a Complex Sound 
Upon the Energy in the Various Frequency Regions’ of 
the sound, and have given us an energy basis for deter- 
mining the loudness of noise and of speech. 

By high and low-pass electrical-filter systems, they re- 
moved the energy in particular frequency regions from 
the complex sounds they studied. The decrease in loud- 
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Fic. 9—EVALUATED AUDITORY-SENSATION AREA 


The Pitch and Loudness Scales Are Chosen So That the Numerical 
Value of the Area of Any Portion of the Auditory-Sensation Area 
Is Approximately Equal to the Number of Pure Tones in This 
Region That Are Perceptibly Different. The Region Most Used 
in Speech Occupies but a Small Portion of the Total Auditory- 
Sensation Area. The Figures Used To Represent the Magnitude of 
the Tones Are Taken in Terms of a Logarithmic Unit Called a 
Sensation Unit, Being of the Same Magnitude as the Transmission 
Unit Used in Telephonic-Transmission Studies. It Is Valued as 
Being 10 Times the Common Logarithm of the Intensity Ratio 
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ness resulting from the energy removal was augmented 
by distortionlessly attenuating the original sound until 
its loudness equaled that of the filtered sound. This was 
done because the ear can judge equality of loudness much 
more accurately than it can judge differences in loudness. 
By using six observers, they found that, for complex 
sounds having a loudness of 22 sensation units above the 
threshold of hearing, each frequency region contributes 
loudness in proportion to the energy in that region, 
weighted according to the threshold energy for that fre- 
quency. For louder sounds, a more complicated relation 
seems to exist, on account of the non-linear response of 
the ear itself. It would seem to be advantageous there- 
fore, in placing loudness measurements of automobile 
noise upon a quantitative basis, to employ the same sys- 
tem of units that has been used in all this work that has 
been inspired by H. Fletcher, and to base loudness upon 
the difference of energy between the measured sound and 
an arbitrary standard of sound, which is the threshold 
of normal hearing. The energy units would be the sensa- 
tion units he has employed; that is, the numerical value 


AUDIOGRAM or..Dr. 8. 


Ber DATE May.!@ 1924 NO. 









































SCHeAtSnPlPoenrs 


er 
SaosssSaqoyssas 




















Hearing Loss, sensation units 







































SSSTASRRRALee 




















SSSR SERRESIEK Pe CHS TEKH AE SS 
Q I@ 32 64 128 256 5SI2 (0M 2048 4090 8192 16384 37768 65536 
ern € € ¢ cc’ 8 ce & Cc © ¢ 
~-meiikt es. = oe A. 
recemuns|t 28. ll Me 8-26 5 AVERE RG 
Fic. 10—AUDIOGRAM OF A PERSON HAVING NORMAL HEARING 


For Hearing, Such a Person Requires Pressure Variations of about 
1/1000 Dyne Per Sq. Cm. 


to be equal to 10 times the common logarithm of the dif- 
ference between the energy of the measured sound and 
the energy of the threshold of normal hearing for the 
same frequency. 

This proposal assumes that loudness measurements 
will be made only at definite frequencies, since loudness 
measurements of complex sounds, the frequency spectra 
of which extend over the entire range of hearing, involve 
extremely complicated relations, and since comparisons 
at definite frequencies offer great advantages in identify- 
ing the sources of noise. Therefore, the noise problem 
for the automobile engineer must be considered to be not 
only a problem in physics, but also a problem in the 
physiology of hearing. Probably it is a psychological 
problem; but that is not being considered here. 

Although noise is generally understood to be sound that 
lacks agreeable musical quality, the physicist thinks of 
it as sound or a mixture of sounds to which no definite 
pitch can be assigned. Pitch is the quality possessed by 
sound whereby it can be designated as having a certain 
frequency of vibration, or that it can be assigned to a 
certain position in an accepted series of sounds, consti- 
tuting a musical scale. Musical sounds are characterized 
by their comparatively even flow, their regularity and 
repetition of wave-form. Noises in general have abrupt- 
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Fic. 11—AUDIOGRAM OF A PERSON HAVING IMPAIRED HEARING 
Such a Person Requires a Pressure Variation of 1 Dyne Per Sq. 


Cm., but Can Understand Ordinary Conversation 


ness, irregularity and absence of repetition in wave-form. 
It should be noted, however, that the line of demarcation 
cannot be sharply drawn, since through some noises per- 
sistent musical sounds can be perceived more or less 
plainly; and also, very few musical sounds are entirely 
free from attendant noises that to some extent modify 
their regularity and smoothness. 


PROPAGATION OF SOUND 


The propagation of these disturbances that are called 
sound takes place in air at a velocity of about 1100 ft. per 
sec. Through cast iron, steel, brass, bronze, aluminum 
alloys and wood, the velocity is much higher and is, of 
course, different in each case. Some approximate sound 
velocities are given in Table 1. 








TABLE 1—APPROXIMATE SOUND VELOCITIES 
Velocity, 


For Ft. per Sec 
Copper 11,700 
Cast Iron 12,400 
Timber 13,000 
Wrought Iron 15,500 
Steel 17,200 
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Fig. 12—AUDIOGRAM OF THE AUTHOR OF THE PAPER 


From Figs. 10 to 12 It Is Evident Not Only That Great Differences 
Exist in the Acuity of Hearing of Different Individuals but the 
Capability of Hearing Differs for the Two Ears of the Same In- 
dividual and Varies from Day to Day. The Studies Show That 
No Two Péople Hear Alike and That No Two Ears Hear Alike 
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The automobiles of today are 10 to 15 ft. long and are 
made up of materials through which sound has velocities 
that are high compared with its velocity in air. For 
simplicity, let us neglect the effect of loads attached to 
the chassis. This is not an unreasonable assumption 
since the attachments are not rigid. The frequency of 
middle “C” on the piano is 256 cycles per sec. This note 
has a longitudinal wave-length of more than 65 ft. in 
steel like that used in the frame of the present-day 
chassis; that is, the wave length would be five or six 
times the length of the chassis. The “C” above middle 
“C” has a frequency of 512 cycles per sec., and the second 
“C” above middle “C” one of 1024 cycles per sec. For 
this last frequency, the wave length in a chassis would 
be about 17 ft., while its length in air would be about 1 
ft. only. In an automobile, 2000 cycles would be more 
than 8 ft. long; in air, about 6 in. long. For all fre- 
quencies lower than this, the wave length in the car 
would be many times the chassis length. From this it 
can be inferred that most of the noise radiated by an 
automobile frame or body may be emitted by it from all 
its surfaces rather efficiently, the efficiency varying with 
the mechanical coupling between the source of-sound en- 
ergy, and the radiating surface under consideration. The 
engineer thus has to consider the original sound source, 
the intervening conducting medium and the radiating 
surface, all, as agencies that have to do with the noise 
that is detected. 


SOUND-RADIATING SURFACES 


The radiating surfaces are likely to be parts of reson- 
ators that modify the original sounds received by them, 
by emphasizing the frequencies at which they resonate. 
When the original disturbance is below audition, as is 


frequently the case with an automobile engine, the in-. 


tervening resonators permit some of the energy to be 
heard. The automobile can be considered to be made up 
of a number of acoustic resonators having varying de- 
grees of coupling between all of them. 

Interposed energy-absorbing material, such as uphol- 
stery, leather, felt, cloth or other such material, or a 
diminution of the original sound energy may reduce the 
sound radiated below a certain point, so that it may be 
rendered inaudible. Stiffness or rigidity can be employed 
to reduce the energy radiated at readily audible frequen- 
cies, and to permit resonance only at high frequencies 
with accompanying reduced audibility. If none of these 
things is done to render the noise inaudible, the sound 
that will be heard will be a complex sound made up from 
the. original disturbance and components characteristic 
not only of the resonating emitting surface, but also of 
all the resonators that conduct the sound from its source 
to the surface where it is radiated. That is, the char- 
acter of the original sound in an automobile is always 
modified by the materials between the sound source and 
the radiating surfaces; and the sound can be rendered 
inaudible either by removing the original disturbance or 
by preventing it from being radiated. To remove the 
source implies that the sound energy is to be traced 
through to its source, so that the source can be identified. 
To prevent radiation, absorbing material can be applied 
to the radiating surface or be interposed somewhere be- 
tween the source and the emitting surface. In either 
event, if radiation is to be reduced, the radiated sound 
must be detected and identified with a particular radiat- 
ing surface. If the frequency components of the radiated 
sound be identified, it is possible that one or more of the 
components may be related to the cycles of some of the 
moving parts. Frequently, it is of advantage to do this 
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to identify a sound source with a particular radiating 
surface. 


NOISE-DETECTING APPARATUS 


The apparatus used for the detection of noise and its 
measurement may consist of assemblages of various 
types of equipment. Loudness measurements can be ac- 
complished by any one of several methods with different 
types of apparatus. All this apparatus must employ some 
type of detector that will conduct into the apparatus the 
sound that is to be measured. These detectors can be 
divided broadly into two classes; those that are of the 
contact type and those that are of the air-input type. 

Of the contact type of detector, perhaps the most com- 
mon is the ordinary listening stick, consisting of a small 
dowel-rod that is intended to be held between the teeth 
of the observer. This is a good detector that is faithful 
in its rendition of quality but is incapable of being used 
in making accurate measurements of noise loudness when 
used in the manner described. The estimates of loudness 
made by the sense of hearing, it will be recalled, are very 
inaccurate, though the sense of hearing is a fairly relia- 
ble guide for estimating equality of intensity of tones or 
noises that are similar in quality. 

Another type of listening stick that is used by the 
Western Union Telegraph Co. is constructed with a small 
resonant chamber of wood mounted at an angle upon the 
end of a dowel stick. This device has a characteristic 
resonance of its own and, on that account, modifies the 
quality of all disturbances detected by it. It has the ad- 
vantage, however, that it will render audible those dis- 
turbances that are so low in frequency that the original 
disturbance itself is inaudible. Like the plain listening 
stick held between the teeth, accurate loudness measure- 
ments cannot be made with this device. Various modi- 
fications of the listening-stick principle can be devised, 
such as varying the size and consequent resonance of the 
wooden chamber or mounting the resonant chamber at 
different angles on the long stick. 

A second type of contact detector that is extremely 
valuable is the acoustic stethoscope. This may take the 
form of a tube of small diameter having a contact bell of 
larger area and earpieces like a physician’s stethoscope. 
This device is a remarkably sensitive and reliable detec- 
tor. Loudness measurements with it are, of course, 
wholly out of question for reasons previously stated. It 
has another disadvantage in that it does not efficiently 
transmit sound having frequencies much above 1000 
cycles. 

Another variation of the stethoscope type is a still 
more simple device and consists merely of a good-sized 
piece of rubber hose having an internal diameter of 
1 in. or slightly more. A rubber hose of this kind is a 
very good speaking tube and transmits audible frequen- 
cies fairly well, eliminating only those of the highest fre- 
quencies. The larger the diameter of the hose is, the 
higher the transmitted band of frequencies extends. 
When used as a contact device, with one end of the hose 
in contact with the surface under observation and with 
the other end pressed against the ear, room noises are 
reduced, and it becomes a remarkably good device of its 
kind. 

A third form of contact detector is the geophone, 
which consists of a mass of metal mounted upon elastic 
supports within a sound chamber, one side of which is in 
contact with the surface under observation and another 
side of which is connected to the ears of the observer 
through flexible rubber tubing in a manner similar to 
that used for a physician’s stethoscope. This apparatus 
introduces certain characteristic frequency components 
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and has limitations similar to those of the rubber hose or 
of the listening-stick type of detector. 

A rubber bag filled with granular carbon, within which 
two carbon electrodes that connect with an external elec- 
tric circuit are introduced, exemplifies a fourth contact 
type of detector. This apparatus can be used as a con- 
tact type of microphone and is faithful in its rendition of 
quality within certain limits; but it has the disadvantage 
of a variable sensitivity. It is a convenient and remark- 
able form of detector that can be used where loudness 
measurements are not concerned but where merely detec- 
tion of sound is desired. Its output can be analyzed and 
recognized with respect to frequency components, but the 
intensities of these components will be variable and will 
be affected by the varying sensitivity of the detector. 

The inertia type of microphone is a fifth contact type 
of detector. Like all the inertia types of apparatus, this 
offers the advantage that its characteristics are inde 
pendent of the contact pressure between the device and 
the surface being observed. It has the disadvantage that 
it is likely to emphasize frequency components of its 
own and, if its output is amplified, of introducing vari- 
ables caused by the “breathing” of the transmitter and 
by microphonic noise. 

A sixth contact type of detector is the contact device of 
the electrical stethoscope that consists of a high-quality 
telephone-receiver, in front of the poles of which is 
mounted a narrow strip of steel. Upon this steel strip 
is cemented a block of soft rubber in the form of a frus- 
tum of a cone. The larger base of this frustum is the 
surface that is cemented to the steel strip, while the 





™See Physical Review, May, 1922, p. 498. 
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EXLECTRICAL-FREQUENCY ANALYZING-APPARATUS USED FOR 
MBASURING AND OBTAINING A PERMANENT RECORD OF THE FREQUENCY 
COMPONENTS OF AN ELECTRIC-CURRENT WAVE 
The Device Has a Frequency Range of 20 to 1250 Cycles and a 
Second Range of 80 to 5000 Cycles. The Amount of Power Re- 
quired as Sound Input Generally Does Not Exceed 500 Micro-Watts. 
After Starting the Amplifier and Connecting the Apparatus toa 110- 


Volt Power-Source, It Is Only Necessary To Attach the Conductors 

from the Sound Source To Be Analyzed and To Press the Starting 

Button. In About 5 Min., the Completed Record Is Delivered 

Automatically. Then, Pneumatic Apparatus Operating in Con- 

junction with a Photographic Recording-Device Returns the Ana- 
lyzing Apparatus to Its Starting Condition 
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Fic. 14—DETAILS OF THE FREQUENCY ANALYZER ILLUSTRATING THE 
ARRANGEMENT OF THE PNBUMATIC AND THE ELECTRICAL FEATURES 


The Complex Wave To Be Analyzed Is Fed into a Selective Net- 
work, from Which the Maximum of Response Occuring at Each 
Frequency of Tuning Coincides with a Component of the Complex 
Wave and Therefore Becomes Recorded Photographically upon a 
Roll of Sensitized Paper Operated by a Modified Player-Piano 
Mechanism. The Completed Photographic Record of the Analysis 
Is Delivered Only After the Machine Has Passed through the 
Entire Range of Frequencies, as Its Sharply Tuned Circuit Is 
Successively Tuned to Frequencies throughout the Entire Range 


smaller base is the surface that is brought into contact 
with the surface to be studied. This device is remark- 
ably faithful in its reproduction of sound from a surface 
with which it makes contact. Its output, though faith- 
ful, is very feeble and must be amplified before enough 
energy is available for measurement purposes. 

The human ear constitutes a seventh contact type of 
detector. When one’s ear can be placed in actual contact 
with a noise-emitting surface, it becomes an excellent 
detector. It is not always convenient or possible to place 
the ear against the surface to be studied and, further, 
the determination of loudness by the ear alone, as previ- 
ously noted, is not to be relied upon. 


NOISE DETECTORS OF AIR-INPUT TYPE 


Contact detectors of the air-input type include a series 
of devices, among which the first that may be mentioned 
is the rubber hose or stethoscope type of detector. The 
free end of a rubber hose can be placed conveniently so 
as to take the sound input from a location that is in- 
accessible to the human ear. A long rubber hose used as 
a speaking tube form of detector wil! serve as a useful 
instrument in the hands of a resourceful and persistent 
investigator. 

A second air-input type of detector, which is extremely 
reliable in the accurate and absolute determination of 
noise loudness or of the frequency components of any 
audible sound, is the condenser transmitter. This ap- 
paratus was described by E. C. Wente in an article en- 
titled Sensitivity and Precision of the Electrostatic 
Transmitter for Measuring Sound Intensities’. It de- 
pends for its operation upon the change in electrostatic 
capacity of an air condenser, one plate of which is the 
transmitter diaphragm. A thin, tightly stretched metal- 
lic diaphragm that is air-damped is vibrated by the sound 
in front of another metal plate of relatively large mass, 
thus altering the distance between them. The frequency 
characteristics of this apparatus are independent of 
changes in temperature, pressure and humidity. Its 
sensitivity is constant over long periods of time. When 
used with a distortionless amplifier, it becomes extremely 
useful for the measurement of sound intensity on account 
of its fidelity in following complex tones and noises. 
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A high-quality carbon-microphone having a stretched 
metallic diaphragm, the response characteristics of which, 
like those of a condenser transmitter, are extremely 
faithful over a very wide band of frequencies, typifies a 
third air-input type of detector. It is necessary to inter- 
pose between this microphone and the measuring ap- 
paratus a suitable distortionless vacuum-tube amplifier 
to obtain sufficient energy for loudness measurement. 

A fourth air-input type of detector is a high-quality 
permanent-magnet telephone-receiver, the diaphragm of 
which can be chosen and damped so that its response 
characteristics are faithful over a wide frequency band. 
Further, the response characteristics of this apparatus 
can be made independent of temperature change by suit- 
able methods. The output of this detector is feeble, 
though exceedingly faithful and, like the condenser trans- 
mitter, it requires the employment of a distortionless, 
high-quality, vacuum-tube amplifier to obtain sufficient 
energy so that it can be used in making measurements. 

The human ear itself is a fifth air-input type of de- 
tector. It is not convenient or possible to place the ear 
in many positions that can be occupied by the other de- 
tectors mentioned in this list of air-input-detector de- 
vices. Again it is to be noted that loudness measure- 
ments cannot be made accurately by employing the ear 
alone. 


AUXILIARY DETECTOR APPARATUS 


Some auxiliary apparatus that can be employed with 
the detectors already mentioned are included in the fol- 
lowing list: 


Vacuum-Tube Amplifiers—Capable of distortionlessly 
amplifying electrical, sound facsimiles. They 
are extremely useful in many apparatus com- 
binations. A vacuum-tube amplifier that will 
be sufficiently distortionless over some particu- 
lar audio-frequency band that is to be measured 
and that will maintain its characteristics suffi- 
ciently constant for measurement work, is an 
apparatus requiring considerable experience and 
skill in construction. Such amplifiers have been 
produced in the research studies that have been 
devoted to the investigation of quality in tele- 
phone transmission 

Audio-Frequency Transformers.—They enable appa- 
ratus of various electrical impedences to be con- 
nected together correctly, and are necessary in 
work of this kind. Transformers of this char- 
acter have undergone considerable development 
as a work necessary to, the study of quality in 
telephone transmission 

Electrical Oscillators.——Capable of giving definite fre- 
quencies without attendant harmonics, or com- 
ponents outside the desired frequency. They 
have also been developed for telephone studies 


Electrical Filters.—Capable of eliminating, or of per- 
mitting the passage of, definite frequency bands 
in electric circuits. They have been developed 
in telephone work and enable the experimenter 
to segregate components of complex sounds that 
he wishes to observe or to measure 


Audibility Meters or Attenuators.—They are gradu- 
ated in sensation units or transmission units 
and have been developed in the study of tele- 
phone quality, so that the experimenter is able 
to obtain quantitative determinations of the 
intensities of sounds. These are extremely val- 
uable and can be used in conjunction with indi- 
eators of different kinds 





8 See Bell Telephone System Technical Journal, April, 1924, p. 299. 
®See THp JOURNAL, February, 1925, p. 172. 


LOUDNESS INDICATORS 


In general, two kinds of indicators are used most in 
making loudness measurements. One is the hearing of 
a person having normal hearing, whose acuity has been 
measured and who is watched or checked-up by accurate 
audiometric methods. The other is that large class of 
electrical indicating instruments that includes micro- 
ammeters, milliammeters and the like. It can be said 
broadly that, in the one case, a calibrated electrical 
measuring instrument is used and, in the other case, a 
calibrated ear. Oscillographs, such as those of the Gen- 
eral Electric and the Westinghouse types, can be used to 
obtain graphs that give information regarding the phase 
relations of sound waves to the cycles of movement of 
various parts of the mechanism and also give informa- 
tion that can be used in obtaining harmonic analyses. 

Many combinations can be made of these detectors, in- 
dicators and auxiliary apparatus to produce systems that 
can be used in the analysis and measurement of noise 
loudness. An apparatus that has been used as an elec- 
tric-frequency analyzer is the apparatus* that was de- 
scribed by R. L. Wegel and C. R. Moore. By using the 
apparatus shown in Fig. 13, it is possible to measure and 
to obtain a permanent record of the frequency compon- 
ents of an electric-current wave. The device has two 
frequency ranges; 20 to 1250, and 80 to 5000 cycles. The 
amount of power required as sound-input does not in 
general exceed 500 micro-watts, and the time for making 
a record is about 5 min. The mechanism of the analyzer 
is designed so that, to take a record, after starting the 
amplifier and connecting the apparatus to a 110-volt 
power-source, it is only necessary to attach the conduc- 
tors from the sound source to be analyzed and to press 
the starting button. The completed record is then deliv- 
ered automatically in about 5 min., after which the ap- 
paratus returns to its starting condition ready to repeat 
the operation. This is accomplished by pneumatic ap- 
paratus, operating in conjunction with a photographic 
recording-device. 

The method of analysis employed for this apparatus 
consists in feeding the complex wave to be analyzed into 
a selective network, from which the maximum of re- 
sponse occurring at each frequency of tuning coincides 
with a component of the complex wave, and therefore be- 
comes recorded photographically upon a roll of paper that 
is operated by a modification of a piano-player mechan- 
ism. The completed photographic record of the analysis 
is delivered only after the machine has passed through 
the entire range of frequencies, as its sharply tuned cir- 
cuit is successively tuned to frequencies throughout the 
entire range. Fig. 14 shows the management of pneu- 
matic and electrical apparatus of the frequency analyzer. 
Fig. 15 is a record of the noise in a room, picked-up by 
a condenser transmitter and recorded by the frequency 
analyzer. Fig. 16 is a noise analysis obtained from the 
output of a common type of loud-speaking telephone-re- 
ceiver. 


AUDIOMETRIC METHOD 


In a paper entitled Glimpses of Balloon Tire Progress’, 
by B. J. Lemon, results obtained by the use of an audio- 
metric method of loudness measurement of automobile 
noise are described. The sustained complex tone, that 
was supplied by the No. 3-A audiometer used in those 
experiments, was attenuated in terms of sensation units 
to the point where it could just be heard by the observer 
in a quiet room. This gave a reading for the threshold 
of hearing of the observer. Subsequently, when the ap- 
paratus was used in obtaining readings of noise loudness, 
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the attenuator was adjusted until the complex noise 
made by the audiometer just masked the noise being 
measured. The difference between the readings, the one 
made at the threshold of hearing and the other when the 
audiometer just masked the external noise, was used as 
the measure of noise loudness. Whenever the ear of the 
observer can be placed so as to hear the noise to be meas- 
ured, this method can be used. 

The foregoing method is feasible only under certain 
specific conditions. It has been shown by investigation 
of the masking of a complex tone by a tone or noise of 
complex wave-form, that approximately a linear relation- 
ship exists between the amount of masking and the in- 
crease of the masking force. The exact relationship is 
dependent upon the character of the masking noise. On 
this account, it is not feasible to determine the relative 
loudness of two noises of widely different character by 
this method, depending as it does upon the masking ef- 
fect. However, for two noises having like frequency 
spectra, masking units can be taken as loudness units 
and comparison of the loudness is therefore feasible. 
Only an observer having normal ear-sensitivity should be 
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Fic. 15—RoomM-NoIseE PICKED-UP BY A CONDENSER TRANSMITTER 


This Transmitter Depends for Its Operation upon the Change in 
Electrostatic Capacity of an Air Condenser, One Plate of Whic 
Is the Transmitter Diaphragm. A Thin, Tightly Stretched Metallic 
Diaphragm That Is Air-Damped Is Vibrated by the Sound in 
Front of Another Metal Plate of Relatively Large Mass, Thus 
Altering the Distance between Them. Its Sensitivity Is Constant 
over Long Periods of Time and, When Used with a Distortionless 
Amplifier, It Becomes Extremely Useful for the Measurement of 
Sound Intensity on Account of Its Fidelity in Following Complex 
Tones and Noises 


used in making noise measurements of this kind. It is 
desirable to have the observer’s ears measured audio- 
metrically and checked from time to time, so that the 
measurements can be depended upon for reliability. 


OTHER LOUDNESS-MEASURING METHODS 


Several methods for measuring the loudness of auto- 
mobile noise were described by J. H. Hunt and G. F. 
Embshoff in a paper entitled Some New Electrical In- 
struments for Automotive Research”. One of the meth- 
ods described involved the use of a condenser transmitter 
in conjunction with a vacuum-tube amplifier and a micro- 
ammeter as an indicating instrument. When this ap- 
paratus is suitably calibrated, it is feasible to obtain 
with it results in terms of energy or sensation units. 
Another one of the methods that was described in this 
article involved the use of the stretched-diaphragm car- 
bon-transmitter with an amplifier, a rectifier and a micro- 
ammeter. When properly calibrated, a simple arrange- 
ment of the kind there shown should be useful in much 
of the work. With both of the types of apparatus just 
mentioned, the method of application is of great impor- 
tance, particularly to assure that reflected sound does not 
interfere with the detection of the sound that it is in- 
tended to investigate, since these arrangements involve 
the use of air pick-up devices. 

Various combinations of apparatus can be devised 
whereby the loudness of automobile noise can be deter- 
mined accurately in terms of energy units or in terms 





” See THE JOURNAL, April, 1925, p. 444. 
“See Physical Review, September, 1924, p. 306. 
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Fic. 16—OvutTputT or a LoupD-SPEAKING TELEPHONE-RECEIVER 


Such a Receiver Has a High-Quality Permanent-Magnet and the 

Diaphragm Can Be Chosen and Damped So That Its Characteristics 

Are Faithful over a Wide Frequency Band. The Output Is Feeble 

and, To Obtain Sufficient Energy for Use in Making Measurements, 

It Must Be Supplemented by a Distortionless High-Quality Vacuum- 
be Amplifier 
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of sensation units. Electric filters can be used to segre- 
gate certain bands in the frequency spectrum of the noise 
investigated, and these bands can be measured either 
audiometrically, with the human ear as an indicator, or 
they can be evaluated by electrical indicating instru- 
ments. Since the number of such combinations of ap- 
paratus that can be used is relatively large, no effort is 
made here to enumerate or describe such apparatus com- 
binations. However, some of the fundamental apparatus 
units that can be utilized in such apparatus combinations 
have been mentioned, and some of their principal char- 
acteristics have been described. 


FouR PRINCIPAL METHODS 


Up to the present, about four principal methods have 
been developed which are available for observing the out- 
put from an apparatus assembly that might be designed 
for the measurement of noise loudness. They are (a) 
direct measurement of the electric output of suitable 
apparatus by electric indicating-instruments, (b) the use 
of masking in connection with an audiometric arrange- 
ment, (c) the use of the ear by attenuation of the ob- 
served sound to minimum audibility and (d) the applica- 
tion of the substitution method, for both estimates of 
equality by ear and by electric indicating-instruments. 

A typical example of the substitution method, to which 
the telephone engineer resorts with great facility, is the 
application made of it by H. Fletcher and J. C. Stein- 
berg in their paper on the Loudness of a Complex Sound”. 
Fig. 17 is a schematic diagram of the circuit used by 
Fletcher and Steinberg in their investigations when 
they determined the effect of filter on loudness. 


SUMMARY 


In conclusion, it is desired to reaffirm the following 
points: 


(1) As a part of the fundamental studies in telephone 
transmission, engineers of the Bell Telephone 
Laboratories have established a standard for 
normal acuity or capability of hearing, and they 
have shown that individual variations from the 
standard are large 

(2) Since the acuity of hearing is not the same for 
any two persons, the perception of loudness va- 
ries with the individual 

(3) Since no statistical study has been made of the 
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Fic. 17—CIRCUIT FOR DETERMINING EFFECTS OF A FILTER ON 
LOUDNESS 
This Is an Example of the Substitution Method as Used by Fletcher 
and Steinberg 
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acuity or capability of hearing of the automo- 
bile-buying public, data are not now available 
from which the permissible maximum noise 
loudness that will be inaudible to automobile 
buyers can be established 

(4) It seems advisable to base loudness measure- 
ments of automboile noise upon the difference of 
energy between the measured sound and an ar- 
bitrary standard of sound which is the threshold 
of normal hearing 

(5) For the purpose of locating the origin of auto- 
mobile noise, it frequently is sufficient merely to 
detect the noise without measuring its loudness 

(6) To identify the origin of automobile noise, it 
often is of value to ascertain its component fre- 
quencies 

(7) Apparatus and technique have been developed 
that permit the analysis and the quantitative 
measurement of the loudness of all audible 
sounds 
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before a section of physics and chemistry of the 
Franklin Institute, March, 1923 
-» Physical Properties of Speech, Music and 
Noise. Delivered at a joint meeting of the New 
York Electrical and the New York Telephone 
Societies, February, 1924 














Fletcher, H., and Steinberg, J. C.—Loudness of a Com- 
plex Sound. Presented before the American 
Physical Society, December, 1923 


Fletcher, H., and Wegel, R. L.—Frequency-Sensitivity 
of Normal Ears. Presented before the Na- 
tional Academy of Sciences, November, 1921 


Fowler, M. D., E. P., and Wegel, R. L.—Audiometric 
Methods and Their Applications. Presented be- 
fore the American Laryngological, Rhinological 
and Otological Society, Inc., May, 1922 


Frederick, H. A., and Dodge, H. F.—The Stethophone 
and Electrical Stethoscope. Published in the 
Bell System Technical Journal, Octobor, 1924 


Hartley, R. V. L., and Fry, T. C.—Binaural Location 
of Complex Sounds. Published in the Bell 
System Technical Journal, November, 1922 


Jones, R. L.—Nature of Language. Presented before 
the American Institute of Electrical Engineers, 
January, 1923 


MacKenzie, D.—Relative Sensitivity of the Ear. Pre- 
sented before the National Academy of Sci- 
ences, April, 1922 

Martin, W. H., and Fletcher, H.—High-Quality Trans- 
mission and Reproduction of Speech and Music. 
Presented before the American Institute of 
Electrical Engineers, February, 1924 


Wegel, R. L.—Physical Characteristics of Audition. 
Published in the Bell System Technical Journal, 
November, 1922 


Physical Examination of Hearing. Presented 
before the National Academy of Sciences, April, 
1922 


Wegel, R. L., and Lane, C. E.—Auditory Masking and 
Dynamics of the Inner Ear. Presented before 
the American Physical Society, April, 1923 


Wegel, R. L., and Moore, C. R.—An Electrical Fre- 


quency Analyzer. Presented before the Ameri- 


cen Institute of Electrical Engineers, February, 
1924 








AMERICAN 


HE imperative present need in the expansion of our 

commerce is to aid in the establishment of conditions 
that will increase the purchasing power of peoples. We 
have facilities of production and exchange to an extent 
never known heretofore. But there should be more con- 
suming power. 

This will come with economy, political stability and as- 
surance of peace. We seek in the domestic sphere to give 
opportunity for competitive effort while assuring domestic 
tranquility, and in international relations we should have a 
similar aim to keep open the opportunities of individual 
initiative while being solicitous to promote the understand- 
ing of peace. In this effort we have recently learned how 
much American business men can aid. If today there is a 
better promise, than at any time since the war, of recupera- 


ISOLATION 


tion and peace in Europe it is due to the voluntary con- 
tribution of American business men at a critical time. 
Perhaps the best service Government can render is to let 
American expertness have a chance. When we consider 
the vast extent of our interests, the amount and the range 
of American investments and the reach of American enter- 
prise and philanthropy, perhaps no people is less isolated 
than ourselves. As never before, American business is 
aiding constructive efforts throughout the world. Wherever 
there is an extremely difficult field you will find the American 
adviser. It may be said without extravagance that a large 
part of the hope of the world is due to direct American 
endeavor in assisting economic revival—Charles_ E. 


Hughes, before Chamber of Commerce of the State of New 
York. 





gL TRE wee 


——E 


—— 


Vol. XVII 


July, 1925 No. 1 





MEETINGS OF THE SOCIETY 


(Concluded from p. 29) 


Mock, H. E. Maynard, H. C. Snook, A. J. Snow, W. R. 
Strickland and E. P. Warner. 

L. Clayton Hill, formerly assistant general manager of 
the Society, who was chairman of the sports events, gath- 
ered about him a group of workers well adapted to the 
proper handling of the athletic items on the program. 

Mrs. Walter R. Flannery, chairman of the Ladies’ Enter- 
tainment Committee, and E. V. Rippingille succeeded admira- 
bly in their efforts to make the ladies of the Society glad 
that they had attended the Summer Meeting. 

In the following list of Committee personnel the members 
will recognize the names of those who rendered invaluable 
assistance: 


SPORTS COMMITTEE 


L. Clayton Hill, Chairman 
Mason P. Rumney, Vice-Chairman 
A. C. Bergmann, Announcer 


BASEBALL AIRPLANE CONTESTS 
Neil McMillan, Jr. E. P. Warner 
T. V. Buckwalter TRAPSHOOTING 
TENNIS R. S. Ellis 
E. P. Warner TRACK AND FIELD 


Rollin Abell Kirke W. Connor 
GOLF Phil N. Overman 

F. F,. Chandler L. L. Williams 

Joseph Bijur John Younger 


SWIMMING HORSESHOES 
Harry E. Figgie W. J. Buettner 
A. W. S. Herrington A. D. T. Libby 


J. W. White 


LADIES’ ENTERTAINMENT COMMITTEE 
Mrs. Walter R. Flannery, Chairman 


Harry N. Parsons 


Mrs. Azel Ames Mrs. H. C. Dickinson 
Mrs. B. B. Bachman Mrs. H. L. Horning 
Mrs. W. A. Baker Mrs. T. J. Litle, Jr. 
Mrs. O. C. Berry Mrs. W. J. MacKenzie 
Mrs. C. F. Clarkson Mrs. J. G. Perrin 
Mrs. Ernest Dickey Mrs. C. F. Scott 
SIGHTSEEING TOUR AND BRIDGE 
os a —s Mien. ee 


H. R. Corse 
E. V. Rippingille 


PRIZES AND SCORING 
Miss J. A. McCormick 


The International Motor Co. is thanked for providing 
transportation facilities for the Ladies’ Sightseeing Tour 
and other events. 

Especial mention should be made of the numerous per- 
sons who participated in the technical discussions and who 
exhibited and demonstrated their equipment. Mention of 
these items is made elsewhere in this issue. 


MEANS OF TRAFFIC-CONGESTION RELIEF 





Washington Section Hears Suggestions 


Motorcoach and Taxicab Usage 


Regarding 


Vehicular traffic congestion, especially in the business dis- 
tricts of large cities, and the most suitable means for minim- 
izing vehicular delay on city streets were the main subjects 
treated by A. W. S. Herrington, chief engineer of the 
engineering and design section of the Motor Transportation 
Division, Quartermaster Corps, in his paper on Motor Trans- 
portation as a Passenger-Carrying Agency, presented at the 





THREE LADIES TALKING THINGS OVER 


Left to Right They Are Mrs. H. L. Horning, Miss Olivia Clarkson 
and Mrs. C. F. Clarkson 


meeting of the Washington Section that was held on June 11. 
Mr. Herrington said in part: 


Many persons do not foresee that, inevitably, the 
motor vehicle must take its proper place as a passen- 
ger-carrying unit in urban transportation and that, 
eventually, it must replace street-car lines on con- 
gested city streets. In isolated cases the change al- 
ready has been made and, within the next 5 years, it 
will have reached proportions that few can now con- 
ceive. 


Quoting statistics, the speaker said further that the total 
mileage of street railways in this country has decreased 
steadily, but that this is a healthful indication that these two 
transportation agencies are adjusting themselves to their 
respective economic fields. He believes that the accomplish- 
ment of this adjustment will bring increased prosperity to 
both agencies. 

Referring to the fact that every phase of American life has 
been affected by the greatly increased personal mobility 
afforded by the motor vehicle, it was emphasized that the 
many problems created by a rapid development of the fore- 
going character must be analyzed and solved in a scientific 
manner, since final solutions of such complicated proposi- 
tions can result only from calm, impartial and scientific delib- 
eration. 


SATURATION POINT A QUESTION OF ROAD SPACE 


Although the speaker said that economists’ studies regard- 
ing the saturation point for motor-vehicle consumption in 
this Country have been based largely upon estimates of the 
number of people who possess money enough to buy a motor 
vehicle, he believes it more probable that some approach to 
a true estimation of a saturation point will be obtained from 
a proper estimate of the available road space in the country 
upon which motor vehicles can be operated. Citing produc- 
tion statistics of motor vehicles for 1923, 3,629,237 passen- 
ger cars and 392,760 trucks, he estimated that, allowing a 
12-ft. length for a passenger car and a 20-ft. length for a 
truck, with two vehicle lengths between vehicles, they would 
represent a single line of traffic 34,644 miles in length or 
a moving line of cars and trucks, 10 vehicles abreast, that 
would extend from New York City to San Francisco. Fur- 
ther, he stated that motor-vehicle production for 1 year had 
placed upon the roads a greater mileage of single-line traffic 
than there were miles of Federal Aid highways constructed 
from 1917 to 1925. 

After showing lantern slides of street congestion in Chi- 
cago, the speaker mentioned the motorcoach, especially the 
double-deck type, as an exceptionally efficient vehicle for 
moving passengers in congested areas and stated that it is 
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only within the past several years that city-planning en- 
gineers have given the motorcoach much attention, seem- 
ing also to have ignored entirely the individually owned and 
operated passenger car as a transportation medium. It ap- 
pears to Mr. Herrington that the time is not far distant 
when certain sections of very large cities will be closed en- 
tirely to the privately owned and operated automobile, a 
likely substitute therefor being the taxicab. 

If it is impossible to increase the available road space 
to take care of the traffic, Mr. Herrington feels that the only 
alternative is to increase the load factor of the vehicles 
operating in congested areas and that, unless this is done, 
property values in congested areas will decrease and busi- 
ness will migrate to other sections. He thinks also that the 
street car, operating on rails laid at the center of streets 
and delaying traffic behind it, should be eliminated from con- 
gested business districts and be replaced by the more efficient 
and more flexible motorcoach. For handling the congested 
short-haul traffic from business centers to the more rapid 
interurban rail-transportation lines that serve outlying dis- 
tricts at high speed over privately owned rights-of-way not 
situated on streets designed for the use of other forms of 
transportation, he thinks the motorcoach most suitable. 


NO WRIGHT BROTHERS MEDAL AWARD 





Dayton Section’s Award Committee Decides Papers Do 
Not Meet Requirements 


No award is to be made this year of the Wright Brothers 
Medal for 1924 that was offered by the Dayton Section. 
After careful consideration of the papers submitted in the 
competition, the Award Committee, consisting of H. M. 
Crane, H. C. Richardson, R. W. Schroeder and Edward P. 
Warner, reported to J. H. Hunt, of the Dayton Section, that 
none of the papers which might be worthy of the award 
conformed with all of the conditions specified in the an- 
nouncement of the offering of the medal. The report of the 
Committee is as follows: 


The Award Committee, appointed by the Dayton Sec- 
tion of the Society of Automotive Engineers to examine 
the papers submitted in competition for the Wright 
Brothers Medal, has completed its work. The Commit- 
tee reports with regret that no paper was in full ac- 
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cord with the conditions of the competition and of such 
a standard as would justify the award of a prize of 
the importance of the Wright Brothers Medal, and 
the Committee therefore recommends that the award 
be withheld for the present year. In making this 
recommendation it is not desired to belittle the quality 
of the achievements to which the papers related. Some 
of them were of real significance, but those that were 
of the most importance were not presented in such 
form that they could receive serious consideration for 
an award. It was the intent that the offering of the 
Wright Brothers Medal should elicit contributions to 
the art of the aeronautical engineer, and the prelimi- 
nary announcement made it clear that contributions 
were to be in such form that they could be presented 
as a paper before the Dayton Section and so laid before 
the engineering community. The majority of the 
papers offered in the competition were not in such 
form, most of them taking rather the shape of a pros- 
pectus or a legal brief, and complete rewriting would 
have been necessary before they could have been 
treated as engineering papers. In addition, at least 
one of the most interesting of the papers presented had 
been so widely distributed before submittal in this 
competition that it was necessary to consider it as 
having received previous publication. 

In recommending that the award for the year 1924 
be withheld, your Committee calls attention to the 
widespread interest that has been aroused, as shown 
by the offering of competing papers by 11 competitors 
resident in three continents and four countries. It is 
hoped that this interest will continue and that a clearer 
understanding of the purpose and nature of the com- 
petition will lead to a greater homogeneity of form in 
the competing papers. It should be made very clear 
that the award is to be made for a hitherto unpublished 
engineering paper, dealing with a single research or a 
group of closely connected researches, and that a 
heterogeneous mass of data on several more or less 
diversified undertakings, great as their potential merit 
may be, cannot be taken into consideration. 

It is reported by Louis G. Meister, secretary of the Dayton 
Section, that the officers of the Section are now concentrating 
on a new announcement to be made soon of conditions to 
govern the competition for the medal award to be made next 
year. 





STANDARDIZATION 


TANDARDIZATION is the liberator that relegates the 

problems that have been already solved to their proper 
place, namely to the field of routine, and leaves the creative 
faculties free for the problems that are still unsolved. 
Standardization from this point of view is thus an indis- 
pensable ally of the creative genius. 

All abuse of standardization comes from directing it 
toward too limited an objective. It is used either to ac- 
complish some immediate purpose, overlooking the larger 
and fuller good that might be accomplished if a longer 
view into the future were taken, or to meet the needs not 
of the public as a whole, but of some particular interest. 

The farther we progress on the road of industrial stand- 
ardization, from standardization by the individual worker 
to standardization by the factory, from standardization 
by the factory to standardization by the industry, from 
standardization by the industry to standardization for all 


industries on a national basis, the more clear does it be- 
come that standardization must be a process by which a 
consensus of all interests is reached in a thoroughly repre- 
sentative and democratic manner. Nothing else has per- 
manent value; but when standards are prepared in this 
way we are made to know that we are on the right road 
and traveling in the right direction. 

When diverse elements are brought together, the result 
may be a compromise. It often is a compromise, particularly 
if the result is reached through the efforts of those who 
do not understand and who make no effort to understand; 
but, when a body of sincere, well-meaning, understanding 
persons come together in the continuing presence of the 
truth, however diverse their interests may apparently be, 
a marvelous thing happens, a solution appears which is not 
a compromise but which in the majority of cases is the best 
for all concerned.—Albert W. Whitney. 
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Some Recent Work on Unconventional 
‘Transmissions 


By P. M. Hewprt! 








Semi-ANNUAL MEETING PAPER 








ABSTRACT 


F automobile builders had available a variable trans- 

mission that was capable of giving any ratio be- 
tween the upper and the lower limits and that sub- 
stantially was equally satisfactory at all ratios from 
the viewpoint of efficiency of transmission, wear and 
quietness of operation, a comparatively large reduction 
ratio would be used most of the time, because that 
would assure the greatest fuel economy. 

Several types of continuously variable gears have 
been used on automobiles, or merely suggested for 
such use. Of these, the systems employing belts and 
friction discs or wheels need hardly be considered at 
present, because of their bulkiness and comparatively 
low efficiency. Much work has been done on hydraulic 
transmissions, chiefly with a view to their use on trucks 
and other heavy types of vehicle, and to increase the 
average efficiency of transmission it has been suggested 
recently to combine a direct drive with the hydraulic 
gear, so that the loss due to the double conversion need 
be sustained only under conditions of rapid accelera- 
tion and heavy traction. The form of hydraulic gear 
referred to is automatically variable in accordance 
with the torque load. 

Variable-throw-type transmissions have been in- 
vented in great numbers but, so far, little commercial 
success has been attained. The most advanced design 
seems to be the Lavaud, developed in France, which at 
present is being given an endurance test by the French 
automobile builder, Voisin. With this design, the 
torque reaction on the rear-axle housing changes the 
angularity of a swash plate and thereby varies the 
ratio. The weakest element of a variable-throw trans- 
mission seems to be the ball or roller ratchet, which 
must be made comparatively large for the amount of 
power to be transmitted. 

The Weiss transmission, which was demonstrated at 
the 1924 Semi-Annual Meeting, is in a class by itself; 
hence, a simple explanation of the principle involved 
is given. In England, Constantinesco has been work- 
ing on a transmission combining the variable throw 
and the inertia principles. In inertia-type transmis- 
sions, the eneryy supplied by the driving shaft is stored 
up in reciprocating or oscillating weights and is then 
given up to the driven shaft at the same rate at which 
it was absorbed but with the relation between torque 
and speed changed. Although it is possible theoret- 
ically to make use of the inertia principle alone, with- 
out having recourse to a variable-throw device, no prac- 
tical mechanism of this type seems to have been 
evolved as yet. 


EVELOPMENT of a transmission gear by which 
1 )=: engine torque can be transformed or converted 

at any ratio desired, between limits, has long been 
considered an outstanding automotive problem, partly be- 
cause continuous variation of the ratio is practically a 
prerequisite to automatic variation in accordance with 
the resistance to motion. The early gasoline engines were 





1M.S.A.E.—Engineering editor, Class Journal Co., New York City. 
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practically constant-speed machines and entirely lacked 
the flexibility of the steam engine and the series-wound 
electric-motor. Not only was the maximum torque of 
which the engine was capable definitely limited but, if 
the resisting moment exceeded this torque even slightly, 
the engine stalled and had to be restarted by hand. The 
resisting moment on the propeller-shaft of an automobile 
will vary from nothing when the car is running down a 
slight decline, disregarding the reverse moment when 
coasting down steeper grades, to the maximum which is 
from 10 to 15 times as great as the average resisting 
moment at moderate speed on hard level roads. 

Operating the car on a single fixed-gear reduction un- 
der all conditions is not commercially practicable, though 
stunts with so-called “gearless” cars have been performed 
for the sake of publicity. This means the combination of 
an exceedingly powerful engine with a drive gear giving 
a very large reduction and results in a car that possesses 
the following three very undesirable features: 


(1) The engine is very heavy and bulky and reduces 
the load-carrying capacity and the space avail- 
able for useful load 

(2) The engine normally operates at a very small 
Joad-factor and therefore operates uneconomic- 
ally 

(3) At high car-speeds the engine will run at racing 
speeds, at which it is subject to great wear and 
tear 


It is not necessary to argue at length concerning the 
need for a variable transmission-gear on a car, as opinion 
seems to be substantially unanimous on this point. All 
road vehicles equipped with internal-combustion engines 
actually on the market have such a gear. 


PROS AND CONS OF THE SLIDING GEAR 


Practice has largely standardized on the sliding-pinion 
change-speed gear with selective control and with direct 
drive on high gear. The most satisfactory feature of this 
transmission is the direct drive on high gear. In fact, 
when operating in high gear or on direct drive, such a 
transmission leaves very little to be desired. Of course, 
some of the gears are in mesh while the gear is in direct 
drive, though not transmitting any power, and may pos- 
sibly cause a noise to which the very fastidious might 
object, but this can be eliminated almost entirely by 
grinding the gears and carefully fitting the bearings. 
Also, a slight loss of power due to the churning of the 
idle gears in the lubricant occurs, but little chance of 
improving upon the efficiency of the sliding-pinion 
change-gear operating in direct drive appears possible. 

Objections that may be raised against the sliding-pin- 
ion gear are that shifting of the gears calls for a certain 
amount of skill which some drivers, particularly elderly 
persons and ladies, never acquire, and that the gears are 
apt to become noisy through wear. Many American car 
builders seek to overcome these objections by providing 
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Fig. 1—EQuAL ECONOMY AND EQUAL HORSEPOWER CURVES OF THE 
AUTOMOBILE ENGINE 


The Chart Is Based on Test Results from a Large-Size Six-Cylinder 

eae cee Engine and Illustrates the Conditions of Operation 

under Which the Thermal Efficiency or the Fuel Economy Is the 
Highest 


their cars with such powerful engines that, on hard roads, 
all driving can be done on direct drive and the lower 
gears are used only in starting. The irksome gear-shift- 
ing is thus practically eliminated and, if the transmis- 
sion is noisy on the lower gears, this noise has to be en- 
dured only for short periods at comparatively long in- 
tervals. Of course, the lower gears can be made to oper- 
ate quietly; but this is rather expensive and, naturally, 
the builders of low-priced cars cannot do very much in 
this direction, for which reason they seem to seek the 
solution of the problem in the provision of increased en- 
gine power and less use of the lower gears. 

With the average American car on improved roads, 
more than 95 per cent of the driving is done on high gear 
because this gear is the most satisfactory from the stand- 
point of quiet operation as well as from that of engine 
efficiency; but, to make it possible to do practically all 
driving on high gear, the high-gear reduction is made 
considerably larger than it would otherwise be made. 


OPTIMUM REDUCTION RATIO 


Let us consider for a moment that we had available 
a transmission with which we could obtain a very wide 
variation in ratio and which was equally satisfactory 
from the standpoints of quiet operation and wear, no 
matter what the ratio. In that case the factor that would 
determine the optimum ratio would be the fuel economy. 
The thermal efficiency of a gasoline engine, in a general 
way, increases with the load on the engine. Of course, an 
increase in load can be brought about by an increase in 
the torque, in the speed or in both. The most effective 
way of increasing the thermal efficiency is by increasing 
the torque, because increased torque means increased 
charge volumes and increased compression. Increase in 
speed results in an increase in economy up to a certain 
point, beyond which the economy decreases again. 

In Fig. 1, which is based on test results from a large- 
size six-cylinder passenger-car engine, two sets of curves 
are shown which bring out very clearly the conditions of 
operation under which the thermal efficiency or the fuel 
economy is the highest. Very comprehensive test figures 
were published, including figures of specific fuel-consump- 
tion covering the whole operating range under full, one- 
third and one-sixth throttle, and these latter were inter- 





polated so as to obtain lines or curves of equal specific 
fuel-consumption. 

Referring to Fig. 1, it will be noticed that torque is 
plotted along the vertical axis and speed along the hori- 
zontal axis. Any point within the area bounded by two 
straight and two curved lines represents a speed-torque 
combination at which the engine can be operated. The 
curved boundary line at the top of the area is the full- 
throttle torque-curve; the straight line at the right is the 
line of the maximum speed at which it is safe to run the 
engine; the straight line at the bottom, which lies in the 
horizontal axis, is the idling or no-torque line; and the 
curve at the left shows the variation of the minimum 
speed with the torque on the engine. Each full-line curve 
within this area represents a range in engine operation 
for which the fuel economy or the fuel consumption 
rer horsepower hour is unchanged. A second set of 
curves in Fig. 1, in dotted lines, represents conditions of 
equal power-output. These curves are hyperbolas, the 
products of the horizontal and the vertical coordinates of 
all points along any curve being the same. 

For operating a car of given weight under any given 
conditions a certain horsepower is required and, if we 
had a continuously variable transmission, we could oper- 
ate the engine at any point along the corresponding 
“equal-horsepower” curve; that is, we could operate the 
engine either at high speed and low torque or at low 
speed and high torque, or at some intermediate point. 
By referring to the chart in Fig. 1 it will be seen that, 
as we follow an equal-horsepower line in the direction 
from high to low speed, that is, from right to left, we 
cross or approach lines of lower specific fuel-consumption 
or higher fuel-economy. We thus obtain a line of maxi- 
mum fuel-economy which starts on the full-throttle 
torque-line at the point at maximum power, follows that 
line to the point of minimum speed of stable running and 
then follows the line of minimum operating-speed to the 








Fic. 2—TRUNCATED-CONE PULLEY-AND-BELT 
TRANSMISSION 
By Shifting the Belt in the Direction of the Pulley 
Axes, the Speed Can Be Varied Continuously 


horizontal axis. In practice, of course, it might be in- 
advisable to go all the way to the minimum speed of 
operation corresponding to any horsepower, as the engine 
undoubtedly will run more smoothly at a somewhat higher 
speed; but the principle can be set down that, for maxi- 
mum fuel-economy, so long as the throttle is not fully 
opened, the engine should run near its minimum speed of 
stable operation. 
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The improvement in fuel econcmy with decrease in 
speed is particularly pronounced at high horsepower. It 
will be seen, for instance, that the 70-hp. curve crosses 
the equal-economy curves at a very pronounced angle; 
whereas, the 5-hp. curve runs substantially parallel to 
the equal-economy curve. 


BELT DRIVE 


To be able to take full advantage of the increase in 
fuel economy with decrease in speed for equal horse- 
power, we need a continuously variable gear instead of a 
gear giving only two, three or four changes, or a so-called 
stepped gear. Many types of continuously variable trans- 
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Fig. 3—ExXPANDING-PULLEY 
The Driving and the Driven Pulleys Are Designed So That Their 
Effective Diameters Can Be Varied, and the Mechanisms for Effect - 
ing This Variation Are Inter-Connected So That One Pulley Will 


TRANSMISSION 


Increase in Diameter at the Same Time That the Other Pulley 


Decreases in Diameter 


mission have been proposed, and some have been used on 
motor cars. Most of the simpler ones probably would be 
regarded today as commercially impractical. First is the 
belt drive, in which the belt runs over two truncated 
cones instead of over the usual type of stepped pulleys, 
as shown diagrammatically in Fig. 2. By shifting the 
belt in the direction of the pulley axes, the speed can be 
varied continuously. Then comes the expanding-pulley 
transmission, which was a great favorite with inventors 
in the automobile field in the early years and is now be- 
ing used to some extent for industrial purposes. The 
driving and the driven pulleys are designed so that their 
effective diameters can be varied, and the mechanisms 
for effecting this variation are inter-connected so that 
one pulley will increase in diameter at the same time the 
other decreases. The belt used with such expanding pul- 
leys is usually of the link or block type. Fig. 3 illustrates 
a transmission of this type. 


RECENT WORK ON UNCONVENTIONAL TRANSMISSIONS 








Fic. 4—FRICTION-DISC-AND-WHEEL TRANSMISSION 


This Mechanism Is Capable of Giving Any Reduction Ratio within 
Its Limits, Which Generally Are Very Far Apart 


FRICTION DRIVE 


The ordinary friction disc and wheel, as shown in Fig. 
4, is capable of giving any reduction ratio between its 
limits, which generally are very far apart. It is generally 
admitted that it is impracticable to shift the wheel rela- 
tive to the disc while the device is under load, as the 
shifting force would have to be greater than the tangen- 
tial force at the rim of the wheel. In practice, when it is 
desired to vary the ratio, the disc is first moved out of con- 
tact with the wheel, then the wheel is slid along its shaft 
and, finally, the disc is brought into contact with the 
wheel again. Hence, in this case the drive is interrupted 
and changes really take place in steps, although any de- 
sired ratio between the limits can be obtained. 

Another frictional transmission with continuous varia- 
tion is illustrated in Fig. 5. This comprises two opposing 
friction discs with curved friction surfaces, between 
which one or more wheels are interposed to transmit mo- 
tion from one disc to the other. By swinging the axis of 
the wheel around a central point, the surface of contact 
can be brought nearer to the axis of one disc and farther 
away from the axis of the other, thereby changing the 
ratio. Shifting under load is equally difficult with this 
as with the disc-and-wheel type. 

Friction transmissions generally are considered prac- 
ticable only for the transmission of small powers. While 








Fic. 5—DousLe-Disc AND SWIVELED-WHEEL TYPE 
or TRANSMISSION 
Two Opposing Friction Discs with Curved Friction 


Surfaces between Which One or More Wheels Are 
Interposed Which Transmit Motion from One Disc 
to the Other Comprise This Transmission 


they were used in this Country to a limited extent for 
many years and are now being used in Europe on some 
machines of the cycle-car type, the chance that they will 
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Fic. 6—MBCHANICAL-DrRAaG TYPE OF TRANSMISSION 


This Illustrates a Regular Bevel-Gear Differential-Assembly, One 

Side-Gear Being Used as the Driving and the Other as the Driven 

Member. e ifferential Housing Has a Band Brake Mounted 

on It and, If This Brake Is Applied So As To Hold the Housing 

against Rotation, the Driven Shaft Will Be Caused To Turn at 

the Same Speed as That of “ sd Shaft but in the Opposite 
irection 


play any important part in automobile construction in 
the future seems to be slight because, for efficient ser- 
vice, they must be made very bulky. Besides, they are 
easily damaged by unskilled handling. 


INFINITE VARIABILITY 


In some forms of continuously variable gear, the gear 
ratio is variable without limit in one direction. Thus, 
theoretically, at least, an infinite multiplication of the 
torque and an infinite reduction of the speed can be ob- 
tained. From the torque point of view this is of doubtful 
value, because the limited adhesion of the rear wheels to 
the road surface sets a limit to the torque that can be 
utilized. However, from the speed standpoint, this fea- 
ture is a real advantage, as a car with such a transmis- 
sion can be made to crawl at any speed desired, the same 
as a steam-driven car, for instance. A further advantage 
is that a transmission of this type makes it unnecessary 
to use a friction clutch for the reason that, when the 
transmission is set for an infinite ratio, no transmission 
of motion occurs and the car remains stationary with the 
engine running. 


MECHANICAL-DRAG TRANSMISSION 


Many patents have been issued on what may be called 
mechanical-drag devices, with a view to their use as auto- 
mobile transmissions. If we take a friction clutch of 
comparatively large size we can, by allowing it to slip 
more or less, get any speed reduction we want, but what 
makes such a device unsuitable for an automobile trans- 
mission is that we get no increase in torque. The torque 
on the driven member is the same as that on the driving 
member and, if the speed is reduced to say one-half by 
slippage, then the power received by the driven member 
is only one-half that delivered by the driving member, 
the other half being lost in friction. 

The transmissions generally proposed are of the differ- 
ential-gear type, and Fig. 6 is a design on which a patent 
was issued in 1923. This is a regular bevel-gear differ- 
ential-assembly, one side-gear being used as the driving 


and the other as the driven member. The differential 
housing is provided with a band brake and, if this brake 
is applied so as to hold the housing against rotation, the 
driven shaft will be caused to turn at the same speed as 
that of the driving shaft but in the opposite direction. 
This corresponds to forward motion of the car. The in- 
ventor says: “It will be understood that the forward 
speed of the driven shaft may be readily varied and con- 
trolled by varying the braking force applied to the 
spider”. This, of course, is true, but exactly the same 
effect would be obtained by allowing the ordinary fric- 
tion clutch to slip. 


HYDRAULIC-DRAG TRANSMISSION 


Aside from mechanical drag, the principles of magnetic 
drag and hydraulic drag also have been employed in 
transmissions designed for automobile use, but these de- 
vices all suffer from the same disability, that they give 
no increase in torque to make up for the loss in speed 
and therefore are very inefficient at low speeds. An ex- 
ample of the hydraulic-drag type is the Radcliffe, which 
was made in New York City some 6 or 8 years ago and 
was fitted to a number of stock cars as an auxiliary 
transmission, being incorporated with the friction clutch. 
A sectional view of this transmission is shown in Fig. 7. 
The clutch cone carried an annular chamber filled with 
oil. The chamber was in halves, one half being formed 
with curved impeller vanes on the inside, while the other 
half enclosed the driven member, which had similar 
vanes. The inclination of the vanes in the driving mem- 
ber was such as to cause the liquid to flow in the direc- 
tion indicated by the arrows when the member was in 
motion, and the reaction between the flowing oil and the 
vanes of the driven member then set the latter in mo- 








Fic. 7—RADCLIFFE HYDRAULIC-DRAG TYPE OF TRANSMISSION 


The Clutch Cone Carried an Annular Chamber Filled with Oil. 
One-Half of the Chamber Was Formed with Curved Impeller Vanes 
on the Inside; the Other Half Enclosed the Driven Member, Which 
Had Smaller Vanes. The Inclination of the Vanes in the ‘Driving 
Member Was Such As To Cause the Liquid To Flow in the Direction 
Indicated by the Arrows When the Member Was in Motion, and the 
Reaction between the Flowing Oil and the Vanes of the Driven 
Member Then Set the Latter in Motion 





Oe Oe ew Se 


lll ea pe ae enna 


—— sel 


Vol. XVII 


July, 1925 


No. l 





RECENT WORK ON UNCONVENTIONAL TRANSMISSIONS 7 aan 








tion. Naturally, some slippage always occurred, even 
when the resistance to motion was low. Radcliffe claimed 
that this device permitted of dispensing with the inter- 
mediary gear in the regular transmission but admitted 
that a low gear had to be used with it. 

Leaving friction and belt drives out of consideration, 
the following five general types of transmission are avail- 
able for obtaining a continuous variation of the trans- 
mission ratio; (a) the hydraulic, (b) the variable-throw, 
(c) the Weiss, (d) the inertia and (e) the combined in- 
ertia and variable-throw type. These will be discussed 
in succession. 


HYDRAULIC TRANSMISSIONS 


Continuous variation of ratio is not an inherent char- 
acteristic of hydraulic transmissions, and several devices 
of this type have been built in which only a limited num- 
ber of ratios are obtained, such as the Lentz, which orig- 
inated in Germany. A motorcoach type of this transmis- 
sion was described in British engineering papers about a 
year ago. The motor element comprises two chambers 
side by side, one twice the width of the other, in which 
there are rotors that are keyed to the same shaft. Three 
different ratios are obtained by admitting oil to the 
smaller chamber, to the larger chamber and to both at 
the same time. An hydraulic transmission in which four 
changes of ratio are obtained was built in Philadelphia in 
1923. 

The simplest way to obtain continuous variability of 
the ratio consists in the use of a variable-throw pump, 
and the most familiar type of such pumps is that in 
which the pump plungers are operated by a swash plate; 
that is, a revolving plate set at an angle to its shaft or 
axis of rotation. This device is used in the hydraulic 
drive made by the Waterbury Tool Co., Waterbury, Conn., 
which has been applied to various uses including rail-car 
transmission. Two sectional views of the pump unit of 
this transmission are shown in Fig. 8. Practically the 
only difference between the pump and the motor units is 
that, in the former, the inclination of the swash plate is 
adjustable or variable, while in the motor unit it is not. 
The detail view in Fig. 8 shows the fixed mounting of 
the swash plate support in the motor unit. 

Referring to the drawings in Fig. 8, both the pump 
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Fic. 8—PuMP ELEMENT OF THE WATERBURY HYDRAULIC 
TRANSMISSION 
Motor Wement, Which Is the Only Difference tuteees ten on 
the Pump Element 

and the motor units have central shafts that project at 
one end only. To the inner end of each shaft is keyed a 
metal block in which are bored nine cylindrical holes 
parallel with the axis of rotation and spaced evenly 
around the axis of the block, these holes forming the 
working cylinders. When the cylinder-block revolves, the 
cylinder-heads slide against valve plates. A port in each 
of the cylinder-heads registers alternately with two an- 
nular ports in the valve plate for the admission and de- 
livery of oil respectively. The admission port of the 
motor unit is connected to the delivery port of the pump 
unit, and the exhaust port of the motor unit to the inlet 
port of the pump unit, by a pipe. The two ports on the 
face of the valve plate are separated by a bridge. 

Within each working cylinder a plunger that connects 
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Fic. 9—-HIGGINS AUTOMATIC HYDRAULIC TRANSMISSION 


The Drawing Illustrates the Principle of Action in Direct Drive, in Low-Speed and in Reverse Positions. Conditions in the 

Direct-Drive Position Are Shown at the Left. The Driving and the Driven Inclines Are Equal; Hence, Neglecting Friction, 

a Horizontal Force to the Right Applied to the Upper Incline Results in an Equal Force to the Right Exerted by the Lower 

Incline and Force Is Transmitted without Modification. Indirect Drive Is Represented in the Central Drawing. In the 

Drawing at the Right, the Reverse Position Is Shown, Le hg te A Now Being Forced toward the Left instead of 
toward the ght 
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through a connecting-rod with spherical heads to a 
socket ring is located. The socket ring is connected to 
the shaft by universal-joints so that, while it revolves 
with the shaft, its plane may be set at any angle with the 
axis of the shaft, which angle is determined by the set- 
ting of the roller-bearing angle-box on which the socket 
ring revolves. The angle-box of the motor unit is se- 
cured in the housing, as shown in the detail view in Fig. 
8, and the socket ring of this unit always makes an angle 
of 20 deg. with the shaft. As the shaft with the socket 
ring revolves, the plungers will be reciprocated in their 
cylinders with a constant stroke. In the pump unit, the 
angle-box is supported on trunnions and, by a control 
lever, can be set to any desired angle up to 20 deg. in 
either direction while the gear is in operation. If the 
angle-box is set at right angles to the shaft, no recipro- 
cation of the plungers in the cylinders will occur when 
the cylinder-block is revolving and, consequently, no oil 
will be moved. When the angle-box is set to make an 
angle with the shaft, the plungers begin to reciprocate 
in the cylinders as they revolve around with the block. 
Each cylinder draws in oil through the port in the valve 
plate during one-half a revolution and delivers oil into the 
delivery port in the valve plate during the next half 
revolution. 

The motor unit is merely an inversion of the principle 
of the pump unit, oil entering the cylinders under pres- 
sure and forcing the plungers outward, and the reaction 
between the socket ring and the swash plate causing the 
cylinder-block and its shaft to revolve. If the angle 
plate of the pump unit is set to the same angle as that 
of the motor unit, then the motor unit will turn at the 
same speed as the driving or pump unit, and any speed 
lower than this can be obtained on the motor-unit shaft 
by merely reducing the angularity of the pump-unit 
angle-box. For a transmission built for a 150-hp. rail-car 
powerplant, the efficiency is said to range from 65 to 82 
per cent at full speed. A transmission of this type nat- 
urally has considerable weight, and this particular de- 
sign is said to weigh 25 lb. per hp. transmitted. 


AUTOMATIC HYDRAULIC DRIVE 


An automatically variable hydraulic-transmission that 
possesses the advantage of having a direct drive for nor- 
mal operating conditions has been designed by Henry B. 
Higgins, Jr., of Denver, Colo. Diagrams explaining the 
mechanical principles involved are shown in Fig. 9. In 
this figure the drawing at the left represents conditions 
with the transmission in the direct-drive position. A 
single cylinder is shown, fitted with a pump plunger in 
its upper end and a motor plunger in its lower end, the 
space between being filled with oil. An inclined plane 
above bears down upon the pump plunger. The motor 
plunger presses down upon a similar inclined plane be- 
neath, the two inclines being parallel. The whole assem- 
bly is movable along guide rails in a horizontal plane. 

Two pawls attached to the cylinder are adapted to en- 
gage rack ratchets, one preventing movement toward the 
right, the other toward the left. The face of the upper or 
driving incline is supported by a spring that permits it 
to flatten proportionately as the pressure against the 
pump plunger exceeds that for which it is set. The 
lower or driven incline is solidly supported. 

In the direct-drive position, both pawls are lifted. The 
driving and the driven inclines are equal, being about 15 
deg., and it is obvious that, neglecting friction, a hori- 
zontal force to the right applied to the upper incline re- 
sults in an equal force to the right exerted by the lower 
incline. Force, or torque in the actual transmission, is 


therefore transmitted without modification. In the cen- 
tral drawing, which represents indirect drive, the resist- 
ance to the right-hand movement of the driven incline is 
assumed to have doubled. The consequent increase in the 
fluid pressure against the pump plunger has compressed 
the spring behind the driving incline, the angle of which 
is now such that its tangent is one-half that of 15 deg. 
The original 100-lb. right-hand driving-thrust now be- 
comes a vertical downward thrust of 800 Ib. and a right- 
hand horizontal-thrust of 200 lb. on the driven incline. 

As the left-hand reaction from the driven incline is 
now twice the thrust, due to the driving force, a pressure 
equal to the difference acts to move the entire unit 
toward the left. Such motion is prevented by the left- 
hand pawl and ratchet, which engage automatically when 
right-hand movement of the cylinder ceases. A reduction 
in resistance has the opposite effect. The reduced pres- 
sure against the pump plunger permits the spring to in- 
crease the angle of the driving incline. When the right- 
hand driving-force again exceeds the left-hand reaction, 
the two inclines become parallel and the entire assembly 
once more moves as a unit toward the right, this action 
automatically lifting the left-hand ratchet. 

The reverse position is shown in the drawing at the 
right, the lower incline now being forced toward the left 
instead of toward the right. This result is effected by 
simultaneously tilting the lower or driven incline to its 
opposite position and dropping the right-hand pawl into 
the ratchet. The forces are the same as in the central 
drawing, except that the driven incline moves toward 
the left instead of toward the right. The tendency of the 
reaction to move the cylinder toward the left is overcome 
by the pawl and ratchet. 

In practice, the transmission consists of two multiple- 
plunger pumps arranged end to end and combined in a 
single unit. The cylinders of each pump are arranged in 
a circle, the axes of the cylinders being horizontal. Oper- 
ation of the pump plungers is by swash plates. In the 
longitudinal section, at the left of Fig 10, the pump 
cylinders are shown at the left and the motor cylinders 
at the right. The two sets of cylinders are connected to- 
gether rigidly by a central tube and are capable of rota- 
tion within the housing on two roller bearings at the 
center. 

This unit is normally free to rotate in a clockwise di- 
rection, viewed from the left or pump end. Its reversal 
is prevented by a ratchet fastened to the case and by 
pawls mounted on the motor-cylinder block, as shown in 
the sectional view at the right. These pawls carry bal- 
ance weights and, when the cylinder-block rotates in a 
clockwise direction, they are disengaged from the ratchet 
by centrifugal force; whereas, when the cylinder-block 
stops, they are pressed into engagement by small springs. 
The outer ends of the pump plungers are provided with 
slippers that bear against the swash plate. The cylinders 
of the pump and the motor units are kept filled with oil 
from the central supply-tank, in which latter the oil is 
kept under pressure by a small auxiliary pump that is not 
shown. This auxiliary pump is driven from the main 
pump; it returns to the supply tank all oil that has es- 
caped by leakage and accumulated at the bottom of the 
housing and, in addition, pumps-up pressure on the oil in 
the tank. It is claimed that the use of this auxiliary 
pump eliminates the need for packing on the pump 
plungers. 

The swash plate of the pump is pivoted eccentrically to 
its axis of rotation. Tilting is effected by a spring act- 
ing through a sliding sleeve on the shaft and a roller on 
its supporting ring. This spring consists really of two 
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coiled springs in series, the pressure of which against the 
plate can be controlled by a yoke connected to a pedal. 
Aside from the swash plate, the pump shaft carries a 
rotary valve that conveys oil to and from the pump cylin- 
ders. The incoming oil passes through a port in the cir- 
cumference of this valve, while the outgoing oil flows 
through an annular passage at the center. A correspond- 
ing valve is located on the motor-unit shaft. 

The swash plate of the motor unit is similar to that of 
the pump, except that it is pivoted at its axis of rotation. 
It can be moved around its pivot axis by a control shaft 
through a yoke and a thrust collar, a sliding sleeve on the 
shaft and a small bell-crank. This swash plate has three 
positions; that is, forward, neutral and reverse. In the 
longitudinal section, this plate is shown in the forward 
position; the neutral position is perpendicular to the axis 
and the reverse position is tilted in the opposite direction. 
Interlocked with the reverse gear is a brake that prevents 
rotation of the cylinder-blocks in reverse. 

Operation of this transmission is as follows: Assuming 
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swash-plate begins to flatten. Under these conditions, 
the direct drive is maintained until the maximum torque 
of the engine is reached. 

The following advantages are claimed for this trans- 
mission: It permits the car to drift with the engine 
dragging, allows it to coast with the engine free, enables 
the driver to pick up the engine at any time while coast- 
ing, without shock or damage to any part and prevents 
the car from rolling back down hill in the event of engine 
stoppage unless the shift lever is deliberately moved to 
“neutral”. 


ADVANTAGES AND DISADVANTAGES OF THE HYDRAULIC 
TRANSMISSION 


Hydraulic systems of transmission, particularly those 
of the variable-pump type, offer two chief advantages. 
The first is that the ratio can be varied continuously and, 
in most cases, even indefinitely. This, as already pointed 
out in connection with the general problem, is of no par- 
ticular value from the standpoint of torque multiplica- 
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Section X-X 


Fic. 10—SEcTIONS OF THE HIGGINS HYDRAULIC TRANSMISSION 
In the Longitudinal Section at the Left, the ro. Cylinders Are Shown at the Left and the Motor Cylinders at the 
Oo 


Right. The Two Sets of Cylinders Are Connected 


within the Housing on Two Roller Bearings at the Center. 


gether Rigidly by a Central Tube and They Are Capable of Rotation 


This Unit Is Normally Free To Rotate in a Clockwise 


Direction, Viewed from the Left, or Pump, End. Its Reversal Is Prevented by a Ratchet Fastened to the Case and by 
Pawls Mounted on the Motor Cylinder-Block As Shown in the Sectional View at the Right 


the car stationary and the engine running, the “clutch” 
pedal is fully depressed; this brings the swash plate of 
the pump into a position perpendicular to its shaft so 
that, although the pump shaft and the swash plate are 
revolving, no motion is imparted to the pump plungers. 
The driver then slowly releases the pedal and accelerates 
the engine at the same time. The spring then tilts the 
swash plate and the latter reciprocates the pump plung- 
ers. The resulting oil pressure forces the motor-unit 
plungers from their cylinders and causes the motor-unit 
swash-plate and shaft to rotate. 

During acceleration of the car, the cylinder-blocks are 
held against the reverse motor-unit reaction by the pawls 
already referred to. As the speed of the car increases 
and becomes uniform, the torque load decreases and be- 
comes equal to the torque of the engine. The spring then 
tilts the pump swash-plate until it is parallel with the 
motor-unit swash-plate. The forward driving force on 
the cylinder-blocks then exceeds the reverse motor-unit 
reaction and the entire assembly revolves as a single unit, 
the pawls being thrown clear of the ratchet by centrifugal 
force. The forward driving force on the cylinder-blocks 
is proportional to the stiffness of the spring on the pump 
swash-plate. This is controlled by the clutch pedal, which 
is provided with a notched quadrant so that it can be 
held in the fully depressed and in intermediate positions. 
When the pedal is depressed, the spring pressure is re- 
lieved, the angularity of the pump swash-plate is de- 
creased, the torque load on the engine is lightened and 
the speed of the car is decreased. When the pedal is 
fully released, the spring maintains sufficient pressure 
on the swash-plate to almost stall the engine before the 


tion, because the torque beyond a certain limit cannot 
be utilized, but it is of value-from the standpoint of con- 
trol. A truck provided with hydraulic transmission in 
which the pump delivery can be reduced gradually to zero 
handles exceptionally well in traffic, and rather impres- 
sive control stunts can be performed with such a vehicle. 
In the second place, the hydraulic drive is generally con- 
sidered to be somewhat more flexible than the pure me- 
chanical drive. Whenever thé resistance to the motion of 
the vehicle increases, the pressure on the liquid increases ; 
this results in the further compression of any air con- 
tained in the system and in a slight yielding of all of the 
oil-confining surfaces, thereby relieving the shock. Of 
course, a similar yielding of the stressed parts takes place 
in a mechanical transmission, but the cushioning effect 
is not as great. 

The hydraulic drive also possesses two chief disadvan- 
tages. The first is that the efficiency is comparatively 
low, because of the losses in both the pump and the motor 
units. This is of particular importance throughout the 
higher speed range, assuming that no direct drive is pro- 
vided, which must be compared with the direct drive in 
the mechanical transmission. Except for the slight loss 
due to the churning of the lubricant in the gearbox, all 
losses are then eliminated in the conventional gearbox; 
whereas, in the hydraulic transmission, the losses under 
these conditions are considerable, owing to the high speed 
at which the oil must circulate. 

The second difficulty with hydraulic transmissions is 
due to the high pressures that must be employed under 
conditions of high traction-resistance, as when ascending 
steep grades. The oil must be confined by parts between 





vy] 





' 
i 
: 
| 
{ 


Vol. XVII 





July, 1925 No. 1 





134 THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS» 





which the contact is of the sliding type, and with very 
high oil-pressures it is naturally difficult to maintain oil- 
tight joints. Lubricating oil is used exclusively in auto- 
motive-type hydraulic-transmissions, because it elimi- 
nates the lubrication problem, obviates difficulties from 
freezing in winter and renders the problem of confining 
the working liquid easier because of its greater viscosity. 


VARIABLE-THROW TRANSMISSIONS 


A variable-throw type of transmission comprises two 
chief elements. By the first the constant rotary motion 
of the driving shaft is converted into a reciprocating or 
oscillating motion of variable amplitude, while by the 
second this reciprocating or oscillating motion is recon- 
verted into rotary motion at the driven shaft. The vari- 
able-throw member may take many different forms. For 
instance, a crank may be used, with a sliding crankpin 
that can be moved in toward or out from the axis of the 
crank by appropriate mechanism. Another possible ar- 





builder, Voisin, and a number of cars have been equipped 
with it. The transmission was first publicly exhibited at 
the Paris automobile show in 1923, and some months 
later it was announced that Voisin had decided to adopt 
it as standard equipment. However, not so very long 
thereafter, the announcement was made that Voisin had 
stopped the manufacture of the device pending further 
development work. 

Early in 1925, Lavaud placed at the disposal of F. W. 
Bradley, Paris correspondent for Automotive Industries, 
for comparative road tests, two Voisin cars alike in every 
respect except that one had the standard sliding-trans- 
mission gear and the other a Lavaud transmission or 
torque converter. Earlier comparative tests had shown 


that the car equipped with the Lavaud automatic gear 
could run away from its competitor on hills, but this test 
was to extend over several thousand miles and bear on 
the endurance of the automatic gear as well as on other 
qualities. 


Unfortunately, the car with the Lavaud gear 
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Fic. 11—LONGITUDINAL SECTION OF THE LAVAUD TORQUE-CON VERTER 


The Lavaud Converter Gives a Free-Wheel or Coaster Effect and, Therefore, the Engine Cannot Be Used for Braking 
Purposes 


rangement consists of two eccentrics, one inside the other, 
which can be moved angularly relative to each other so 
that their eccentricities either add together or cancel 
each other. A further mechanism for the purpose con- 
sists of a Stephenson link-motion as used for reversing 
steam engines, and a fourth consists of a swash plate. 

The second member always consists of a pawl and 
ratchet and, in practice, the ball or roller type of ratchet 
is nearly always used. This is identical in principle with 
the over-running clutch formerly used extensively with 
certain types of electric starter. In the majority of 
cases the ratchet is located directly on the rear axle, while 
the variable-throw device is on the engine shaft or an ex- 
tension thereof; hence, the device serves not only to vary 
the transmission ratio but also to give the necessary re- 
duction between the engine crankshaft and the rear axle. 
Inasmuch as each “throw” or stroke corresponds to half 
a revolution of the crankshaft, with the lowest ratio, high 
gear, this throw or stroke would produce only from one- 
eighth to one-tenth a revolution of the rear axle. If lower 
speeds and higher torque are desired, the fraction of 
rear-wheel revolution produced per stroke of the links or 
connecting-rods can be reduced in any proportion, down 
to zero, which latter results, theoretically, in an infinite 
torque. 


LAVAUD TRANSMISSION 


The best representative of the variable-throw type of 
transmission is the Lavaud, which was developed in 
France by D. Sensaud de Lavaud. The rights to this 
transmission were acquired by the French automobile 


was wrecked by another car running into it after it had 
covered 1500 miles; but an account was received recently 
from Mr. Bradley of the comparative test he made on the 
two Voisin cars, which states that a total distance of 2164 
miles was run, under the most varied conditions of roads, 
grades and traffic. Mr. Bradley states that the Lavaud- 
equipped car showed the following advantages over the 
stock vehicle in these tests: 


(1) Gasoline consumption decreased 15 to 26 per cent, 
according to road conditions 

(2) Oil consumption decreased 50 per cent 

(3) A higher average speed was attained, this advan- 
tage increasing with road and traffic difficulties. 
It was greatest in the mountains and on city 
streets and lowest on the plains 

(4) More rapid acceleration 

(5) Simplified control, making it possible for a novice 
to get results obtainable with the gearshift only 
by an expert 

(6) A wider range of speed, varying from 3 to 50 
m.p.h., with throttle control only 


The only disadvantage observed with the Lavaud- 
equipped car was a loss of about 5 per cent in maximum 
speed, and it is explained that this may have been due to 
the fact that, whereas the stock car carried a regulation 
body, the Lavaud car was equipped only with a test body 
without streamlining. 

While the fuel consumption was measured throughout 
the test, a special fuel-economy test was made on 4 liters 
(1.057 U. S. gal.) of gasoline in the streets of Paris dur- 
ing rush hours, conditions of carbureter setting, spark- 
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timing and the like being the same on the two cars. The 
Voisin stock car ran out of fuel after covering 15.97 
miles, in which distance 181 gearshifts were made. The 
Lavaud-equipped car ran 21.59 miles, a gain of 35.20 per 
cent. 

The Lavaud converter gives a free-wheel or coaster 
effect and, therefore the engine cannot be used for brak- 
ing purposes. In descending long grades, the engine is 
disconnected from the axle and is throttled down to a 
low idling-speed. On an up-grade, it is possible to start 
the engine by allowing the car to back and then to let-in 
the clutch and open the throttle. On the car tested, the 
swash plate had a range of inclination of from 4 to 16 
deg., corresponding to a speed range of from 3 to 55 
m.p.h. ° 

As the reduction ratio has a definite upper limit, it was 
necessary to provide a friction clutch to stop the car. In 
a new design, it will be possible to reduce the inclination 
of the swash plate to zero and thus to dispense with the 
clutch. In the present design, the ratio obtained for any 
given traction resistance can be varied by varying the 
resistance to compression of the dished washers, called 
Velleville washers in France, around the torque member; 
but, in the new design, the ratio will be under direct con- 
trol from the steering post. Two assembly views of the 
Lavaud torque-converter as actually built are shown in 
Figs. 11 and 12. Mr. Bradley writes that Voisin plans to 
put out a small lot of cars with the Lavaud torque-con- 
verter this year and to take up large-scale production of 
it in 1926. Meanwhile, the Voisin engineers are also run- 
ning tests “to destruction” of the transmission built into 
cars. Lavaud admits that he has met with difficulties, 
but he claims to have overcome them. 

In the illustration of the Lavaud transmission shown 
in Fig. 13, shaft @ is an extension of the engine crank- 
shaft which, as shown at b, is lozenge-shaped when seen 
in longitudinal section, and rectangular in transverse 
section. The sleeve c, with a rectangular slot, is mounted 
on the shaft, rotating with it and capable of sliding on 
it. It is guided in its sliding movement by two pivots, 
d and e, fixed to the sleeve and moving in the openings 
f and g in the shaft a. Two ball bearings mounted on 
sleeve c carry the plate h, which is concentric with the 
sleeve. On plate h there is a series of ball-ended posts i, 
on which are fulcrumed connecting-rods j, each one of 
which has its opposite end k connected to a ball-ratchet I. 
These ball-ratchets drive the hub m in the direction in- 
dicated by the arrow n. On plate h are two diametrically 
opposed trunnions o pivoting on ring p. This ring is 
fitted with two other opposed trunnions in a plane per- 
pendicular to the trunnions o and pivoting on the fork gq. 
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Fic, 13—-LAVAUD VARIABLE-THROW AUTOMATIC-TRANSMISSION 
Details of Its Operation Are Given in the Text 


This fork can move longitudinally but it cannot revolve 
and, near its end, it is provided with a collar against 
which presses a coil spring or series of spring washers r 
bearing eccentrically against the rear-axle housing. 

When shaft a revolves, it carries with it sleeve c, the 
axis of which describes a cone around the axis of shaft a. 
The sleeve performs its conical mction inside plate h, 
which is prevented from turning by being connected by 
trunnions o to ring p; the latter in turn is connected by 
trunnions to fork qg, which cannot revolve. This causes 
plate h to oscillate, as indicated by arrows s and t, the 
oscillations of adjacent rods differing in phase. The os- 
cillating movement being transmitted by each rod to its 
corresponding ball-ratchet 1, a series of impulses in quick 
succession is given to the hub m and through it to the 
road wheels. When the resistance at the road wheels in- 
creases, the load on the connecting-rods is increased in 
the same proportion and, in consequence, a reaction on 
plate h is produced. Under this reaction, plate h tends 
to take up a position perpendicular to the axis of shaft a. 
Trunnion d is moved toward the right of the figure, 
carrying with it the fork q which, through the collar, 
compresses spring r. The degree of compression of 
spring r, therefore, measures on a convenient scale the 
value of the resisting moment that the engine torque 
must overcome. 


RATCHET DRIVES 


Engineers generally are inclined to view with skepti- 
cism the use of a roller or ball-ratchet for the transmis- 
sion of the power of propulsion. It must be admitted 
that the conditions under which the parts of such a 
ratchet-drive work are very severe; still, it probably is 
going too far to pronounce the device absolutely imprac- 
ticable. The stresses naturally depend upon the torque 
to be transmitted and upon the proportions of the device, 
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Fic. 12—TRANSVERSBE-SECTION OF 


THE LAVAUD TORQUE-CONVERTER 


In Descending Long Grades, the Engine Is Disconnected from the Axle and Is Throttled Down to a Low Idling-Speed. 
On on Usavaie, It Is Possible To Start the Engine by Shovng, Oe To Back and Then To Let-In the Clutch and 
Open the rottle 
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Fig. 14—ROLLER-RATCHET-ACTION PRINCIPLES 


If Transmissions of This Type Come into Use, They Are Most 

Likely To Be Adopted First on the Low-Powered Light-Cars and 

Cycle-Cars Now Popular in a on Which Gears Are Shifted 
ten 


and we need not think right away of the transmission of 
from 70 to 80 hp. If transmissions of this type come into 
practical use, they are most likely to be adopted first on 
the low-powered light-cars and cyclecars now so popular 
in Europe, on which gears must ordinarily be shifted 
often. 

The general principle of the roller-ratchet is illustrated 
in Fig. 14. The rollers are located in notches in the cir- 
cumference of a drum or driving disc, which latter is 
surrounded by a driven shell. When the disc is given a 
sudden impulse in a counterclockwise direction, the 
roller, by virtue of the principle of inertia, lags behind 
and is caused to mount the incline of the notch, whereby 
it is forced into contact with the inner surface of the 
shell. In order that the roller may grip the shell firmly 
and not slide on it, it is essential that the surfaces with 






Motion of Contact Point 





Axis of Shel! 


Fic. 15—DIvIsIon INTO Two COMPONENTS OF WEISS- 
TRANSMISSION CONTACT-POINT MOTION 


This Distinct Type of Variable Transmission Is 
Based on the Principle of the Inclined Plane, Which 
Is Made Available in Connection with Members Hav- 
ing Continuous Rotary Motion by Using Annular 
Ball-Bearings as Intermediary Members. By the 
Combination of Parts in the Weiss Transmission, a 
Given Torque on the Driving Shaft Can e Con- 
verted into a Much Greater Torque on the Driven 
Shaft, with a es Reduction in Angular 
pee 


which the roller contacts make an angle, «, with each 
other which is smaller than the friction angle for the 
materials used and under the particular conditions of 
operation. If the motion of the driving drum or disc is 
retarded suddenly, the contact surface naturally backs 
away from the roller and the latter becomes disengaged. 

While the point or line of contact on the concentric 
member, the driven shell in the illustration, and the ball 


2See Tue JOURNAL, July, 1924, p. 86. 
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and roller changes continually, that on the member with 
the cam-shaped surfaces does not change except through 
wear. The stresses on the working surface of such a 
ratchet can be reduced by using a large number of rollers 
distributed over the circumference of a driving disc of 
large diameter. Fluctuations in the speed of the driven 
member can be reduced by using a number of ratchets in 
parallel with equal phase-differences between them. Each 
ratchet, of course, works only during every other stroke. 
Thus, if only two ratchets were used, a moment of dis- 
engagement would ensue during which the driven shaft 
would be free from the driving shaft. On the other hand, 
if four ratchets were used, then one would be at mid- 
stroke when the other started its stroke, and the latter 
Would take over the drive after it had completed one- 
quarter of its stroke. For a short period the drive would 
then be divided between two of the pawls, one increasing 
in speed and the other decreasing. It is readily conceiv- 
able that, under these conditions, the shock of engage- 
ment would be greatly relieved. If the roller-ratchet is to 
transmit motion in both directions, the cam surface must 
be symmetrical with an axial line through its center. 


WEISS TRANSMISSION 


A variable transmission of an entirely distinct type, 
for which a proper name is yet lacking, has been devel- 
oped by Carl W. Weiss of Brooklyn, N. Y., and a demon- 
stration of a model of this transmission was made before 
the Society. This transmission, which was described in a 
paper’ presented by E. B. Sturges at the 1924 Semi- 
Annual Meeting, is based on the principle of the inclined 
plane, which is made available in connection with mem- 
bers having continuous rotary motion by using annular 
ball-bearings as intermediary members. By an inclined 
plane we can raise weights that we could not possibly 
lift directly by physical strength and, by the combination 
of parts in the Weiss transmission, a given torque on the 
driving shaft can be converted into a much greater torque 
on the driven shaft with a corresponding reduction in 
angular speed. 

While this transmission has been worked out in sev- 
eral different forms, the fundamental principle is the 
same in all. A shell constituting part of a hollow sphere 
forms the driving member, and a wheel within this shell 
the driven member. Both the shell and the wheel are 
capable of rotation, each around its own axis respectively. 
The axis of the driving shell is fixed, being generally 
identical with the axis of the engine crankshaft, but 
the axis of the driven member, the wheel, can be swung 
angularly about its point of intersection with the axis of 
the spherical shell, that is, the center of the sphere. 

The driven wheel carries on its circumference a series 
of annular ball-bearings, the outer races of which are 
adapted to engage frictionally with the inner surface of 
the spherical driving member. A point in the surface of 
the outer race of one of the ball bearings in contact with 
a point in the surface of the driving shell naturally must 
follow the motion of the point in the driving shell, in a 
circular arc around the. axis of the shell. However, the 
ball bearing as a whole, or its center point, must rotate 
around the axis of the wheel which, assuming the two 
axes to make a considerable angle with each other, is in 
an entirely different direction. It is, of course, perfectly 
possible for a point on the surface of the outer race of 
the ball bearing to travel in a different direction from the 
ball bearing as a whole; in fact, this always occurs if 
the outer race turns around the ball-bearing axis at the 
same time that the center of gravity of the bearing is 
displaced. 
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The motion of the contact point in the surface of the 
outer race is then divided up into two components as 
shown in Fig. 15. One component is perpendicular to the 
axis of the wheel, the other perpendicular to the axis of 
the ball bearing. The former represents motion imparted 
to the driving member; the latter, idle motion of the 
outer race of the ball bearing around its axis. By chang- 
ing the angular relation of the axes of the driving and 
the driven members, the relative magnitude of these two 
motions can be varied. If the two axes coincide, as in the 


upper part of Fig. 16, no motion of the outer race of the 
ball bearing around its axis will occur and the motion of 
the driving shell will be transmitted in full to the driven 
member. 

Transfer of the energy from the driving to the driven 














Fic. 16—WeEISS-TRANSMISSION POSITION 
If the Two Axes Coincide As in the Upper View, No Motion of the 
Outer Race of the Ball Bearing around Its Axis Will Occur and the 


Motion of the Driving Shell Will Be Transmitted in Full to the 
Driven Member. The Neutral Position Is Shown in the Lower 
View 
member takes place at the points of contact between the 
shell and the outer races of the annular ball-bearings. 
The points of contact on the shell form a great circle, the 
plane of which makes an acute angle with the axis of 
rotation, and each point of contact therefore alternately 
approaches toward and recedes from the pole or the point 
where the shaft axis intersects the shell. This motion 
toward and away from the pole is a rolling motion, the 
outer race rotating around the axis of the ball bearing. 
Although the power is transmitted from the shell to the 
outer race of the ball bearings by friction, no sliding 
motion of any consequence takes place between the shell 
and the outer race. Moreover, all the outer races in con- 
tact with the shell at any time partake in the transmis- 
sion of torque from the shell to the driven member. To 
secure the necessary driving engagement between the 
shell and the outer races of the ball bearings, the latter 
must be pressed firmly against the former. This is ac- 
complished by a special mounting of the ball bearings on 

the driven member. 
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at the middle. 
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From Fig. 17 it will be seen that the inner race of the 


ball bearing is mounted on a short shaft or trunnion. 


Each end of this trunnion rests on a roller that is necked 
The rollers are supported on a cam sur- 





Fic. 17—WeEIss TRANSMISSION-MEMBER MOUNTING 


The Mounting of the Ball-Bearing Driving-Members 

Is Shown. The Inner Race of the Ball aring Is 

Mounted on a Short Shaft or Trunnion, Bach 

of Which Is Necked in the Middle. The Rollers Are 

Supported on a Cam Surface Formed on the Outer 
Surface of the Driven Wheel 


face formed on the outer surface of the driven wheel. 
When the rollers are symmetrically located on this cam 
surface, there is a slight clearance between the outer race 
of the ball bearing and the driving shell; hence, no 
driving action occurs, whereas, when the rollers are 
forced toward one end of the cam surface, the outer race 
of the ball bearing engages the driving surface of the 
shell and motion is transmitted from the shell through 
the ball bearing to the wheel. Engagement and disen- 
gagement of the rollers with the cam surface take place 
automatically. All that is necessary then to produce an 
increase or decrease in the speed of the driven member, 
the wheel, is to shift the axis of this member so that it 
makes a smaller or a greater angle with the axis of the 
driving shell. 

Problems of considerable difficulty are presented by 
the mechanism required for altering the relation of the 
axes of the two members, the connection between the 
movable shaft of the driven member and the propeller- 
shaft, and the balancing of the whole mechanism, and 
these problems have been worked out in a variety of 
ways. The latest type of the Weiss transmission for 
moderately heavy service is illustrated in Fig. 18. Here, 
the shell is considerably more than a half-sphere, being 
split through the center perpendicular to the axis of 
rotation so as to make it possible to introduce the wheel. 





Fic. 18—Latest Typp oF THE WEISS TRANSMISSION 


This Can Be Made Automatic and Is Designed for Moderately 
Heavy Service 
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With this construction it is not possible to bring the 
wheel into the neutral position, the nearest approach to it 
being 15 deg., and it is therefore necessary to use a 
friction clutch for idling the engine. The sine of an 
angle of 15 deg. being 0.259, the maximum reduction that 
it is possible to obtain is about 4 to 1. 

In the illustration, u represents the shell or driving 
member, which is supported on ball bearings in a hub 
formed on the housing v. This housing is provided with 
a cover plate w that is formed with a bearing boss 2 in 
which is rotatably supported the inner housing y, within 
which are located a pair of bevel gears za. One of these 
bevel gears, z, is secured to the driven shaft b, and the 
other, a, to a short shaft, c,, that is rigidly connected to 
a hub on the wheel or driven member d,. By swinging 
the inner housing y around the axis of the driven shaft 
by the lever e,, the angular relation between the driving 
and driven members can be changed until the axes 
of both coincide, in which case these members act as a 
positive clutch and transmit the power directly, or in the 
ratio of 1 to 1, without relative motion between them. 

Assuming the driving shaft to have right-hand rota- 
tion when viewed from the left side of the drawing, the 
wheel will have a right-hand rotation when seen from 
the top, and the driven shaft will have a left-hand rota- 
tion when looked at from the right side; hence, the torque 
reaction on the long hub of the inner housing y will be 
right handed when observed from the right side of the 
drawing or from the rear of the car. Consequently, the 
tendency will be for the inner housing y to rotate right 
handedly around the axis of the driven shaft when the en- 
gine is running. 

In the drawing, the transmission is shown in the low- 
speed position. To secure a higher car-speed, the inner 
housing y can be turned in either direction around the 
axis of the driven shaft. It is preferable, however, to turn 
it left-handedly, or against the torque reaction, in which 
case the torque reaction always tends to move the wheel 
into the low-speed position, and this makes it compara- 
tively simple to render the device automatic. All that is 
necessary is to support the end of lever e, by a spring that 
tends to move the lever and the inner housing y toward 
the high-speed position, where the axis of the wheel co- 
incides with that of the shell. Then, with increasing 
torque, the spring will be compressed or extended, ac- 
cording to whether it is a compression or a tension 
spring, by the torque reaction, and the wheel will auto- 
matically move toward the low-speed position, which 
enables the transmission to cope with the increased driv- 
ing resistance. 

Among the obvious advantages of the Weiss transmis- 
sion as here illustrated are that (a), the change in trans- 
mission ratio or torque multiplication is continuous be- 
tween the limits of 1 to 1 and about 4 to 1; (b) all motion 
is pure rotary motion and the device, therefore, is dynam- 
ically balanced; (c) it is a very simple matter to effect 
changes of ratio automatically by the torque reaction 
and (d) all motion at the contact surfaces is rolling 
motion. 

Among the difficulties or disadvantages connected with 
such a transmission are (a) the driven shaft makes such 
an angle with the driving shaft that, with the standard 
engine mounting, the universal-joints in the drive-shaft 
have to work at a considerable angularity; (b) in shift- 
ing by hand to a position corresponding to lower car- 
speed, a considerable resistance must be overcome and 
(c) in the low-speed position, as shown in the drawing, 
the outer races of the ball bearings roll off and onto the 
inner surface of the driving shell, which is undesirable. 
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Mr. Weiss has overcome the difficulties due to the 
great angularity of the shafts by developing a univer- 
sal-joint that transmits motion uniformly, irrespective 
of the angularity of the drive. 


PRINCIPLES OF AUTOMATIC OPERATION 


For changing the transmission ratio automatically in 
accordance with the resistance to vehicular motion, we 
can make use of either the torque reaction, which natur- 
ally varies with any change in the torque on the pro- 
peller-shaft or the rear axle, or we can make use of the 
drooping characteristics of the torque-speed curve of the 
engine. All engines have the characteristic that, as the 
torque load on them is increased, if no change is made 
in the control or adjustment of the engine, its speed will 
decrease and vice versa. Consequently, it would be pos- 
sible, by fitting the engine with a governor, to connect 
this governor up to shift the gears or in some other way 
to alter the relative positions of the parts so that the 
transmission ratio or torque-multiplying ratio is in- 
creased when the engine speed decreases and vice versa. 
This principle has been used occasionally for varying the 
gear ratio and, recently, a report was current to the effect 
that Dr. Esteban Manzanera, a technical attaché of the 
Mexican Legation at the City of Washington, had fitted 
his car with a device that effected shifting of the gears 
automatically by a centrifugal governor. When the car is 
at a standstill the gear is in neutral and, if the driver 
wants to start the car, he engages the first speed by 
hand; as soon as the engine attains a predetermined 
speed on this gear the governor shifts to second gear 
and so on. If it is necessary to reduce speed on account 
of traffic or other conditions, the operator closes the 
throttle valve; this reduces the engine speed, and the 
centrifugal device then shifts automatically to a lower 
gear. 

On the whole, it seems to be a more simple and a 
better plan to use the torque reaction to produce a 
change in the transmission ratio when required. Either 
the torque reaction on the rear-axle housing, or that 
on some part of the transmission, can be utilized. This 
reaction on the housing or transmission-member support- 
ing-part is exactly equal to the torque being transmitted 
by the transmission member. All that is necessary to 
make this reaction available for changing the transmis- 
sion ratio is to give the part receiving the reaction a 
certain degree of freedom of motion. Where the Hotch- 
kiss drive is employed, the rear-axle housing has the 
necessary degree of freedom. The housing must then 
be mechanically coupled up with the movable part of 
the transmission, the part that must be moved to vary 
the transmission ratio, in such a way that, as the torque 
reaction increases, the resulting angular motion or 
yield of the axle housing shifts the “movable” trans- 
mission member into a position corresponding to a 
greater reduction-ratio. 


INERTIA-TYPE TRANSMISSIONS 


A transmission that has received attention particularly 
in recent years, and that must be regarded as still in 
the first stages of its development, is the inertia type 
This is somewhat related to hydraulic and to electrical 
transmissions in that the energy absorbed from the 
driving shaft is converted into a different kind and, in 
being passed on to the driven shaft and reconverted to 
mechanical energy, the relation between torque and an- 
gular speed is changed. In an ordinary mechanical 
transmission, the flow of energy is constant, the rate 
being determined by the product of torque times angular 
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speed. For instance, if the torque of the shaft is equal 
to T lb-ft. and the angular speed is w radians per sec., 
then the rate at which work is being done is E=T w 
ft-lb. per sec. 

If we use this energy to accelerate a weight W, the 
weight and the rate of acceleration must be such that 
T w= W a/2g. To get a continuous flow of power we 
must use a number of weights, some being accelerating 
and others decelerating at the same time, and the rate of 
gain of energy of the accelerating masses must at all 
times be equal to the rate of loss of energy of the de- 
celerating masses. The two transformations may then 
be represented by the double equation Tw = W a’/2g = 
T, », in which T and o are the torque and the angular 
speed of the driving shaft, respectively, and T, and w, 
are the same factors for the driven shaft. 

What is required to make this type of transmission 
practicable is the invention of some form of mechanism 
for efficiently converting uniform rotary motion into 
reciprocating or oscillating motion of variable amplitude, 
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Fic. 19—-HowarpD INERTIA TYPE OF AUTOMATIC TRANSMISSION 
The Driving Shaft Carries Two Eccentrics at Its End, Arranged 
at a 90-Deg. Angle with Each Other, and the Driven Shaft Carries 

Two Similar Eccentrics 


and of a mechanism for reconverting efficiently the 
oscillating or reciprocating motion into uniform rotary 
motion. Another essential is that the oscillating or re- 
ciprocating masses be in dynamic balance. 


HOWARD INERTIA TRANSMISSION 


An example of the pure inertia type of automatic 
transmission is the Howard, which is illustrated in Fig. 
19. The driving shaft carries two eccentrics at its end, 
arranged at a 90-deg. angle with each other, and the 
driven shaft carries two similar eccentrics. One rod 
from each pair of eccentrics connects by pivot joints to 
a sliding weight, and a rod from the other eccentric of 
each pair connects similarly to a sliding weight arranged 
on the opposite side of the shaft from the first. The 
sliding weights are constrained by guides carried by a 
housing to follow radial paths and are connected to- 
gether by coiled springs on opposite sides. It is readily 
seen that if the driven shaft were held from rotation 
and the driving shaft rotated, during each complete 
revolution of the driving shaft the oscillating weights 
would make one-half oscillation, moving radially away 
from or toward the shaft. This is made possible by the 
fact that the guides controlling the motion of the oscil- 
lating weights are free of both the driving and driven 
Shafts and will always maintain a position midway be- 
tween the angular positions of the two eccentrics. For 
instance, if the driven shaft is held from rotation and 
the drive shaft is made to describe one revolution, the 
housing carrying the guides will make half a revolution. 

If the driven shaft revolves, the speed of oscillation 
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Fic. 20—-CURVES OF AN INERTIA TYPE OF TRANSMISSION 


The Driven End Was Locked and the Driving Shaft Was Brought- 

Up Gradually to a Speed of 400 R.P.M. orque Readings ere 

Taken on Both the Driving and the Driven Shafts at Various 

Speeds. The Maximum Multiplication of Torque Was about 2.2 

to 1.0 at 175 R.P.M. of the Driving Shaft. Above This Speed, the 
Ratio Decreased Again 


300-350) 400 


will be equal to one-half the difference. between the 
speeds of the driving and the driven shafts. Evidently, 
centrifugal force would have an influence on the opera- 
tion of a device of this character, tending to make it 
easier to accelerate the weights outwardly and more 
difficult to accelerate them inwardly, and the inventor 
has endeavored to overcome this by connecting the two 
weights on opposite sides of the axis of rotation by coiled 
springs, the tension of which is intended to counter- 
balance this force. However, the centrifugal force varies 
as the square of the speed and the springs could balance 
it at one speed only. The speed here referred to is the 
rotary speed of the inertia masses, which is equal to one- 
half the difference between the speeds of the driving and 
the driven shafts. 


CHARACTERISTICS OF AN INERTIA-TYPE TRANSMISSION 


Figs. 20 and 21 are characteristic curves of an in- 
ertia-type transmission of somewhat more complicated 
design than the Howard. In the test upon which Fig. 
20 is based, the driven end was locked and the driving 
shaft was brought up gradually to a speed of 400 r.p.m. 
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Fic. 21—INERTIA-TYPE-TRANSMISSION CURVES 


Data Were Obtained under a Condition of Constant Speed of the 

Driving Shaft. With the Driving Shaft Turning at 400 R.P.M., 

the Maximum or No-Loss Speed of the Driven Shaft Was 375 

R.P.M. and the Torque of the Driven Shaft Increased Somewhat 
Irregularly as Its Speed Decreased 
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Torque readings were taken on both the driving and the 
driven shafts at various speeds, and the results were 
plotted. The maximum multiplication of torque was 
about 2.2 to 1.0, at 175 r.p.m. of the driving shaft. Above 
this speed,-the ratio decreased again. The other curve, 
Fig. 21, was taken under the condition of constant speed 
of the driving shaft. With the driving shaft turning at 
400 r.p.m., the maximum or no-loss speed of the driven 
shaft was 375 r.p.m. and the torque of the driven shaft 
increased. somewhat irregularly as its speed decreased. 


CONSTANTINESCO TORQUE CONVERTER 


Fig. 22 is a diagrammatic representation of the Con- 
stantinesco torque converter that represents a combina- 
tion of the inertia and the variable-throw types. At the 
bottom of the figure is shown a crankshaft that can be 
considered as rigidly connected to, or as being an integral 
part of, the engine crankshaft. From this, a connecting- 
rod extends up to one arm of a floating lever that is ful- 
crumed on the crankpin of a shaft carrying a flywheel. 
From the other arm of the floating lever, two links ex- 
tend to arms pivoted on a cross-shaft. These arms carry 
pawls that are adapted to engage with a ratchet wheel 
on the cross-shaft or rear axle. Roller or ball ratchets 
would, no doubt, be used in practice. In operation, the 











Fic. 22—-CONSTANTINESCO TORQUE-CONVERTER 
This Mechanism Is a Combination of the Inertia 
and the Variable-Throw Types 


flywheel has an oscillating motion of variable amplitude. 

Obviously if the rear wheels were held from rotation, 
as by the application of the brakes, then the sole result 
of the rotation of the crank in the lower part of the 
figure would be to oscillate the flywheel. During the 
first half of each swing the flywheel would be accelerated 
and would absorb energy and, during the latter half, it 
would return this energy to the crankshaft of the engine, 
neglecting the slight frictional loss. This represents one 


extreme of the range of operation, corresponding to 
the case when the resisting torque is very great. The 
other extreme case is represented by the condition when 
the resisting torque is almost nil. Then practically no 
oscillation of the flywheel will occur, the fulcrum of the 
floating lever will be almost stationary and the motion 
of the cross-shaft will be the maximum, depending upon 
the throw of the driving crank, the ratio of the arms of 
the floating lever and the proportions of the pawl-arms 
on the driven shaft. In all practical cases, the speed of 
the cross-shaft or rear axle is less than this limiting 
speed and the torque is less than the limiting torque 
obtained when the rear wheels are stalled and the engine 
is run at full speed. 

In normal operation, the reciprocating motion of the 
upper end of the connecting-rod is split up into two mo- 
tions, an oscillating motion of the fulcrum of the float- 
ing lever which corresponds to an oscillating motion of 
the flywheel and its crankshaft, and a reciprocating mo- 
tion of the end of the floating lever to which the links 
are connected which, of course, entails reciprocating 
motion of the links themselves. So long as the flywheel 
is accelerating, it absorbs energy from the driving shaft 
or the engine; when decelerating, it gives up the energy 
that is imparted to the links or may be partly returned 
to the driving shaft. The operation of the device is 
rendered somewhat obscure by the fact that the various 
periodic motions will not be in phase; that is, the flywheel 
will not reverse its direction of motion when the upper 
end of the connecting-rod does, and the links will reach 
the end of their stroke at a time different from that of 
the moments of reversal of motion of both the other 
parts. Inasmuch as the end of the floating lever con- 
nected to the links may have a very much smaller motion 
than the end connected to the driving crank, and prac- 
tically all the energy imparted to the flywheel is returned 
again, it is obvious that, with decrease in motion of the 
links, the force transmitted by them must increase. 

According to theoretical deductions by Constantinesco, 
if the speed of the driving shaft is constant, the torque 
on the driven shaft decreases from the maximum at no 
speed of the driven shaft to nothing at the maximum 
speed that the driven shaft can attain, the rate of de- 
crease following a parabolic law so that, when the speed 
has attained one-half its maximum value, the torque is 
down only to 85 per cent of the maximum. The maximum 
power is transmitted at about 70 per cent of the maxi- 
mum speed. On the other hand, if the torque of the 
driving shaft is constant, which would seem to apply 
approximately to the case of the internal-combustion 
engine when operating under constant throttle, then the 
torque on the driven shaft will decrease with an increase 
in the speed of that shaft, at first very rapidly and then 
more slowly. For the upper half of the speed range the 
torque on the driven shaft will be substantially constant, 
and Constantinesco states that the torque ratio that will 
be obtained under these conditions is practically equal 
to the speed ratio obtained if the inertia member is held 
against motion and the driving shaft is then turned. In 
other words, the speed reduction then is due almost solely 
to the pawl-and-ratchet gear. 

It would seem that, as illustrated in the diagram, the 
device is impracticable for automotive-transmission pur- 
poses, as the torque impressed on the driven shaft or 
rear axle would be intermittent. This could be overcome, 
of course, by using a duplicate mechanism, with the two 
driving cranks at 90 deg. with each other: When a 
mechanism of this type is started, the motion of its vari- 
ous parts during the first stage of operation will depend 
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to some extent upon the relative positions occupied 
when the driving torque is applied. It was pointed out 
in the foregoing text that the driving end can be moved 
when the driven end is held stationary and thus, when 
the driving crank is in its upper dead-center position, 
the driving links may be at either the upper or the lower 
end of their stroke or in any intermediary position. That 
this must affect the reactions and resulting motions if 
torque is applied suddenly, is directly apparent. A grad- 
ual change in the motions of the parts will occur, the 
mechanism approaching either a state of equilibrium, 
that is, motions of the various parts that will be main- 
tained indefinitely in spite of variations in either the 
driving torque or the resistance on the driven shaft, or a 
condition of jamming may be approached in which the 
amplitude of oscillation of the flywheel is greatly in- 
creased and the forces on the links may become so great 
that the links, or the parts to which they are connected, 
break. This must be guarded against in the design. 

Constantinesco built a small power-unit intended for 
a light car, which he exhibited at the British Empire Ex- 
hibition at Wembley, England, in 1924. Whether any- 
thing further has been done looking toward the use of 
this torque converter on automobiles, I have been un- 
able to learn. 


USE OF THE GYROSCOPIC PRINCIPLE 


About a year ago, my attention was drawn to a trans- 
mission on which a patent was issued by the Patent Office 
in 1920 and which incorporated a gyroscopic member in 
its make-up. The device was claimed to vary the ratio 
continuously and automatically with changes in the 
torque load on the driven shaft. A description was pub- 
lished, and several parties became interested to the 
extent of building models and subjecting them to tests. 
The uniform result was that the device was unworkable, 
as it was impossible to get any appreciable torque on 
the driven shaft. The mechanism was geared so that the 
gyroscope was compelled to spin in proportion to the 
difference in speed between the driving and the driven 
members and, in an attempt to explain the supposed ac- 
tion in transforming the torque, the statement was 
made that “a spinning gyroscope offers resistance to a 
change in the direction of its axis.” This, however, is 
incorrect, and the fallacy of the theory is thus explained. 
What does occur if the axis of a spinning gyroscope 
is moved angularly in a certain plane is that a couple 
is created in a plane at right angles thereto, an effect 
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Fic. 23—-GRAPHICAL DEMONSTRATION OF GYROSCOPIC 
PRINCIPLES 

The Diagram Shows That When the Axis of a Spin- 


ning Gyroscope Is Moved Angularly in a Given Plane, 
a Couple Is Created in a Plane at Right Angles 
Thereto 


that can be very simply explained with the aid of the 
sketch in Fig. 23. 

The sketch shows a disc revolving around a vertical 
axis in the direction indicated by the arrow. Now 
assume that the disc is tilted to the position indicated 
in dotted lines. Every particle of the spinning disc par- 
ticipates in this tilting motion except those in the axis 
around which the disc is being tilted. We may divide 
the disc into four quadrants as shown. A particle in 
quadrant J as a result of the tilting will be given a down- 
ward motion; in other words, it will be accelerated 
downwardly, and its reaction to the downward accelera- 
tion is upward. The directions of the acceleration and 
of the reaction thereto are indicated by arrows a and R 
respectively. 

Directions of accelerations and of reactions thereto 
of particles in all four quadrants are indicated by ar- 
rows. It will be seen that, in quadrants 7 and JJ, the 
reactions are upward; and, in quadrants JJI and IV, 
they are downward. They therefore form a couple 
around the axis separating these two pairs of quadrants; 
that is, the line of intersection of the central plane of 
the disc and the plane in which the tilting takes place. 
Originality is not claimed for this simple method of 
demonstrating the properties of the gyroscope graphic- 
ally. The method deserves to be more widely known, 
however, particularly since it is very difficult to follow 
the usual mathematical treatment of the subject. 








FRED J. CAMPBELL 





OLLOWING an operation for removal of the appendix, at 

Mount Sinai Hospital, Milwaukee, Fred J. Campbell, de- 
signer in the automatic power and light division of the 
Kohler Mfg. Co., of Kohler, Wis., passed away on the morn- 
ing of May 23. The funeral was held at his home in Free- 
port, Ill., on May 26. Mr. Campbell had been a member of 
the Society since April 25, 1923. 

He was born in Freeport on Feb. 10, 1895, where he was 
educated in the grammar and high schools and took the me- 
chanical engineering course in the International Correspond- 
ence School. In 1915 he became draftsman for the Hoefer 
Mfg. Co., of Freeport, working on tools for the automobile 


industry and for the Liberty motor during the War. From 
1919 to 1922 he was tool designer for the Stephens Motor 
Car Co., of Freeport, and then went to Sheboygan Falls, 
Wis., as chief draftsman for the Falls Motor Co. Since 
January, 1924, he was tool designer for the Kohler Mfg. 
Co., and made many friends among his associates. While 
with the Stephens Company, Mr. Campbell had charge of 
all the tool and die designing and also filled the position of 
assistant production manager, reorganizing the plant and 
installing new machinery for larger and more economical 
production. He also designed new parts for the engine 
and chassis of the Stephens car. 
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Applicants 
Qualified 


The following applicants have qualified for admission to 
the Society between May 10 and June 10, 1925. The 
various grades of membership are indicated by (M) Mem- 
ber; (A) Associate Member: (J) Junior; (Aff) Affiliate; 
(S M) Service Member; (F M) Foreign Member. 








ALLMERS, Dr. R. (A) geheimer kommerzienrat, Hansa-Lloyd Werke 
Aktengesellschaft, Bremen, Germany. 


BACKHOUSE, KELVIN C. (J) draftsman and assistant experimental 
engineer, Demattia Bros., Garfield, N. J., (mail) 134 Trenton 
Avenue, Lake View Heights, Paterson, N. J. 


BEACON O1L Co., (Aff) 111 Devonshire Street, Boston. : 
Representative: Lybeck, Robert F., chemical and automotive 
engineer. 


BLANCHARD, DONALD (M) field editor, Class Journal Co., 239 West 
39th Street, New York City. 


Boyer, V. W. (M) designer, Cleveland Automobile Co., Cleveland, 
(mail) 14509 Ardenall Avenue, Hast Cleveland, Ohio. 


BuITENHUIs, C. H. (J) mechanical engineer, International Motor 
Co., Allentown, Pa., (mail) 61644 Walnut Street. 


BuTLeR, HoweELt, H. (M) designer, White Motor Co., Cleveland, 
(mail) 9120 Wade Park Avenue. 


CLARKSON, WILLIAM Stroup (J) partner, 


R. W. Orrell Machine Co., 
Flint, Mich., (mail) 137 South 15th St 


reet, Allentown, Pa. 


CREDNER, Louis (A) principal of Y. M. C. A. automobile school, 40 
West 66th Street, New York City. 


DBVINE, ALFRED W. (M) engineer, Registry of Motor Vehicles, Bos- 
ton, (mail) 20 Earl Street, Malden, Mass. 


EQUITABLE AuTo Co., (Aff) 6304 Penn Avenue, Pittsburgh. 
Representative: Diemar, H. J., superintendent. 


EVANS, ErRROL S. (M) sales engineer, Standard Oil Co. of California, 
San Francisco, (mail) 612 Biltmore Apartments, 418 Loretta 
Place, Seattle, Wash. 


FERGUSON, IvAN P. (A) superintendent of trimming, Murray Body 
Corporation, Detroit, (mail) 2622 Nebraska Street. 


GIBFORD, CHARLES W. (J) experimental engineer, Schwarze Electric 
Co., Adrian, Mich., (mail) 534 South Main Street. 


GiBson, Ropert W. (J) standards engineer, standards department, 
General Motors Corporation, Detroit, (mail) 1395 Lakewood 
Avenue. 


HAZEN, LysLte L. (A) superintendent and designing engineer, Key- 
stone Driller Co., Joplin, Mo., (mail) 608 North Moffett Avenue. 


HEPPENSTALL, CHARLES W. (A) president and treasurer, Heppen- 
stall Forge & Knife Co., Pittsburgh, (mail) 1200 Heberton 
Avenue. 


Horn, Sipney C. (A) sales manager, Wilson-Maeulen Co., New 


York City, (mail) 36 Rich Avenue, Mount Vernon, N. Y. 


HUTCHINSON, B. E. (A) vice-president and treasurer, Maxwell 
Motor Corporation, Detroit. 


Hypp, Rouwurn M. (A) sales engineer, National Radiator & Mfg. 
Corporation, Detroit, (mail) 264 Belmont Avenue. 


Jonmps, WALTER (M) chief engineer, Gotfredson Body Co., Wayne, 
Mich., (mail) 3772 Euclid Avenue, West, Detroit. 


Lucas, Ottis Perry (A) Lincoln sales manager, Ford Motor Co., 
Detroit. 


McCDONNELL, J. S., JR., (J) aeronautical engineer, Consolidated Air- 
craft Corporation, 2050 Elmwood Avenue, Buffalo. 


McDurreg, J. H. (A) assistant to vice-president, Prest-O-Lite Co., 
Indianapolis. 


McNAMARA, Ray F. (M) service engineer, Maxwell Motor Sales 
Corporation, Chrysler Motor Corporation, Detroit, (mail) 1962 
La Salle Gardens, South. 


MACAULBY, J. A. (A) sales manager, Franconia Motor Car Co., 
Worcester, Mass., (mail) Maple Avenue, Shrewsbury, Mass. 


MAEDLER, FRANZ L. (M) consulting engineer, Maedler Syndicate, 
Cleveland, (mail) 21 Emser Street, Berlin, Germany. 


MATTHEWS, ROBERTSON (M) research engineer, Eastern Engineering 
Co., Montreal, Que., Canada, (mail) Bolton, Ont., Canada. 


MERRIAM, J. ROGER (J) layout draftsman, Waukesha Motor Co., 
Waukesha, Wis., (mail) P. O. Box 62. 


MEYBEM, EDWARD (A) master mechanic, City of Berkeley, Berkeley, 
Cal., (mail) 1623 Virginia Street. 


MONROB, JAMES (A) vice-president, Trailmobile Co., Cincinnati. 


NIELDS, BENJAMIN, JR., (A) sales agent, National Malleable & Steel 
Castings Co., Cleveland, (mail) 30 Church Street, New York 
City. 


OHMART, GRAYSTON LEROY (A) engineer, equipment division of the 
Department of Street Railways, Detroit, (mail) 9968 Bordeau 
Street. 


PrRouTY, ARTHUR R. (J) testing engineer, International Motor Co., 
New York City, (mail) 493 Commonwealth Avenue, Boston. 


RAMY, ALEXANDER H. (A) chassis and body draftsman, Murray 
Body Corporation, Detroit, (mail) 1650 Gladstone Avenue. 


RAPPUHN, ALFRED A., JR., (A) chief draftsman, Moto-Meter Co., 
Inc., Long Island City, N. Y., (mail) 109 Forley Street, EHlm- 
hurst, N. Y. 


ROSENSTRAUCH, Morris C. (J) designer, Bijur Lubricating Cor- 
poration, New York City, (mail) 3017 Ocean Parkway, Brook- 
lyn, N. Y. 


ScHLAICH, HERMAN (A) chief engineer, Moto-Meter Co., Inc., Long 
Island City, N. Y., (mail) 107 Forley Street, Elmhurst, N. Y. 


ScHMAL, ALOIs H. (J) designer, International Motor Co., New 
Brunswick, N. J., (mail) 99 East Milton Avenue, Rahway, N. J. 


SpcerR, EarRL (A) night superintendent of maintenance, Hudson 
Motor Co., Detroit, (mail) Maxwell Station, R. F. D. No. 4. 


Suuae, Capr. R. P. (S M) Field Artillery Board, Fort Bragg. N. C. 
SrerK, HERBERT (A) 3853 Greer Avenue, St. Lowis. 


Suieu, T. S., Jr., (M). physicist, Bureau of Standards, City of 
Washington, (mail) 3409 Rodman Street, Northwest. 


Soutis, R. H. (A) engineer, sales department, Johns-Manville, Inc., 
New York City, (mail) 325 West Jefferson Avenue, Detroit. 


STEEN, ADOLPH F. (J) draftsman, tractor works, International 
Harvester Co., Chicago, (mail) 4326 North Kildare Avenue. 


WaASSON, STOWELL C. (A) sales agent, National Malleable & Steel 
Castings Co., Indianapolis. 


WatTrRoOuS, JOHN H. (A) sales representative, Ferodo & Asbestos, 
Inec., New Brunswick, N. J., (mail) 1011 Palm Avenue, San 
Mateo, Cal. 


Woop, WALTER G. (J) salesman, Botterill Automobile Co., Salt Lake 
City, Utah, (mail) 274 North Second Street, West. 


WueEsTNER, C. J. (A) assistant to maintenance superintendent, Yel- 
low Taxi Corporation, 155 East 44th Street. New York City. 


ZECHER, ALBERT G. (A) general foreman, California Highway Com- 


mission, Bakersfield, Cal., (mail) Hotel Savoy. 
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APPLICANTS FOR MEMBERSHIP Mami 











Applicants 
for 


Membership 





The applications for membership received between May 
15 and June 15, 1925, are given below. The members 
of the Society are urged to send any pertinent informa- 
tion with regard to those listed which the Council should 
have for consideration prior to their election. It is re- 
quested that such communications from members be sent 
promptly. 


Neen en eel 


Appotr, Rospert D., manager, tire development department, Miller 
Rubber Co., Akron, Ohio. 


ANDERSON, EarRL A., general manager, Michigan lamp division, 
National Lamp Works of General Electric Co., Detroit. 


ANTI-STALL, INC., New York City. 


ARMSTRONG, W. F., production manager, Olds Motor Works, Lan- 
sing, Mich. 


Ayres, H. D., physicist, B. F.. Goodrich Co., Akron, Ohio. 


BAGNALL, GEORGE, works superintendent, Rolls-Royce of America, 
Inc., Springfield, Mass. 


Barrp, GoRDON F., research assistant, General Motors Research 
Corporation, Dayton, Ohio. 


ByorcKk, Nits G., chief engineer, Lange Motor Truck Co., Pittsburgh. 


BRADLEY. JAMES DuNN. division supervisor of shops and vehicles, 
Pacific Telephone & Telegraph Co., Seattle. 


BrREMER, FRED C., chief engineer, U. S. Chain & Forging Co., Pitts- 
burgh. 


Briacs, SIDNEY A., manager, Western Motors Co., Los Angeles. 


BROADBENT, HAROLD S., commercial engineering department, West- 
inghouse Lamp Co., Bloomfield, N. J. 


Brown. KENNETH COoTTON. assistant to general manager, Steam 
Vehicle Corporation, Newton, Mass. 


BRYANT, OSWALD, engineer and engine tester, Skurry’s Motor En- 
gineers, Swindon, England. 


Canty, CAPT. DANIEL JOSEPH, Quartermaster Corps, U. S. Army, 
Paris, France 


CARLSON, LESTER A., 


service manager, International Motor Co., 
Columbus, Ohio. 


CocHRAN, MARTIN, service manager, Mack-International Motor 


Truck Corporation, Dayton, Ohio. 


CouGHLIN, WILLIAM J., mechanical superintendent, Dodge Bros. of 
Canada, Ltd., Toronto, Ont., Canada. 


Crooks, LAURENCE, research assistant, Mason Engineering Labo- 
ratory Yale University, New Haven, Conn, 


D’ARDENNE, W. H., 


development engineering, Heintz Mfg. Co., 
Philadelphia. 


DAVENPORT. H. A., auditor, International Motor Truck Corporation, 
New York City. 


Dawson, A. B., lubrication engineer, General Motors Corporation, 
Detroit. 


DE JONG, LEO M., assistant technical director, Minerva Motors S. A., 
Antwerp, Belgium. 


DEVLIN, Epwarp J., engineer, shop distribution department, Brook- 
lyn Union Gas Co., Brooklyn, 


DOUGHERTY, JAMES THOMAS, mechanical engineer, Standard 
Bakeries Corporation, Los Angeles. 


DRAKE, MAJOR CHARLES C., Quartermaster Corps, Army War Col- 
lege, City of Washington. 


DUNN, ARTHUR, president, Anti-Stall, Inc., New York City. 
EARLE, GEORGE H., layout draftsman, Buda Co., Harvey, III. 


ELseR, CHRIS H., chief engineer, Covert Gear & Mfg. Corporation, 
Lockport, N. Y 


ENDIcoTT, JAMBS LAWRENCE, designing engineer and plant manager, 
Diatomaceous Products Co., City of Washington. 


Errer, E. L., special representative, Studebaker Corporation of 
America, South Bend, Ind. 


FAIRHURST, WILLIAM, salesman, Spicer Mfg. Corporation, Sowth 
Plainfield, N. J. 


FAIRMAN, RALPH COULTER, automotive engineer, R. C. Fairman, 
Indiana Harbor, Ind. 


GARLAND, E. C., technical manager, Cadillac Motor Car Co., Detroit. 


GREEN, ANDREW G., standardization engineer, Fairbank, Morse & 
Co., Beloit, Wis. 


GRIEMSMAN, C. F., treasurer, Sheldon Axle & Spring Co., Wilkes- 
Barre, Pa. 


GROTENHUIS, WILLIAM J., vice-president, Biflex Products Co., 
Waukegan, Iil. 


GUINNEsSs, W. F., draftsman, Mack Trucks, Inc., New York City. 


Haun, Apam &., Jr., chief draftsman and assistant sales manager, 
Hahn Motor Truck Co., Hamburg, Pa. 


HAMBURGER, PIERCE, inspector of motor vehicles, Brooklyn Union 
Gas Co., Brooklyn, N. Y. 


HAMILTON, Major CHARLES S., Quartermaster Corps, instructor and 
student, Quartermaster Corps School, Philadelphia. 


HARRIS, CHARLES GLENDOWER, plant drafting, Morris Motors, Ltd., 
Cowley, Oxon, England. 


Harry, Earu L., assistant chief draftsman, General Motors Truck 
Co., Pontiac, Mich. 


HELLMANN, H. E. A., chief draftsman, Buda Co., Harvey, Ill. 


HoLMes, FRANK, superintendent, engine works department, Imperial 
Works, Oil Well Supply Co., Oil City, Pa. 


Ho.Lron, LBONARD, planning engineer, Murray Body Corporation, 
Detroit. 


Hooven, Frep J., student, 140 Lexington Avenue, Dayton, Ohio. 


HUBNER, WILLIAM H., automotive engineer, Mellon Institute, Pitts- 
burgh. 


Hurr, Leo, motor transport engineer, Pure Oil Co., Columbus, Ohio. 
Jass, I. R., draftsman, 203 Malone Avenue, Peoria, IIl. 


Jones. Younac B., manager of national accounts, N. E. division, 
Mack-International Motor Truck Corporation, Buffalo. 


JuHasz, JOHN, president and general manager, Juhasz Carburetor 
Corporation, New York City. 


KEAGLE, Harry, engineer, Hawkeye Truck Co., Sioux City, Iowa. 


KeLLey, Ouiver K., detailer, Nash Motors Co., Milwaukee. - 
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KENT, REMER, master mechanic, White Stage Line, Tampa, Fla. 


KILLIAN, FRANK B., chief of the engineering division, automotive 
department, Vacuum Ofl Co., New York City. 


KINCAID, FRANK M., 


chief engineer, 
Ypsilanti, Mich. 


Commerce Motor Truck Co., 


KIRCHHEIM, WALTER H., 


draftsman, 
Mount Vernon, N. 


Ward Motor Vehicle Co., 


Korte, A. C., draftsman, Moon Motor Car Co., St. Lowis. 


LAMBERT, A. L., chief engineer, Heintz Mfg. Co., Philadelphia. 


LENZ, PETER, mechanical engineer and designer, 


Westinghouse 
Electric & Mfg. Co., Hast Pittsburgh, Pa. 


Low, JoHN J., 


service-manager, 
Los Angeles. 


Gotfredson Truck Corporation, 


McConkbpy, M. W., patent attorney, Bandix Corporation, Chicago. 


MANWARING, H. S., field sales manager, Zenith-Detroit Corporation, 
Detroit. 


MarsH, JAMES WILLARD, instructor, Southern branch, University of 
California, Los Angeles. 


MATHIESON, Everett A., instructor in automobile mechanics, Wash- 
ington High School, Hast Chicago, Ind. 


MILBURN, LESSITPR CRARY, chief engineer, 


Glenn L. Martin 
Cleveland. 


Co., 


MILLER, ELTON W., associate mechanical 
visory Committee for Aeronautics, 
Va. 


engineer, National Ad- 
Langley Field, Hampton, 


Movutp, James A., chief engineer, Evinrude Motor Co., Milwaukee. 
Mutter, W. J., engineer, Budd Wheel Co., Detroit. 
NgeLSon, JOHN S., service engineer, Buda Co., Harvey, IIl. 


NorrinNGcHAM, A. R., designer and mechanical engineer, Continental 
Motor Co., Detroit. 


OrGAN, A. F., assistant sales manager, Morris Motors, Ltd., Cow- 
ley, Oxon, England. 


PENFIELD, W. S., superintendent of shops, Associated Oil Co., San 
Francisco. 


PererRson, JOHN EDWARD, general manager and assistant secretary, 
Waterbury Steel Ball Co., Waterbury, Conn. 


PHELAN, MATTHEW A., branch 


Hartford, Conn. 


manager, International Motor Co., 


and treasurer, K. P. Products Co., 


PoMEROY, pmmppoes, president 


Inc., New York City. 


Prescotr, FRANK H., assistant chief engineer, Remy Electric Co., 
Anderson, Ind. 


PRITCHARD, EUGENE R., assistant engineer, Commercial Truck Co., 
Philadelphia. 


RawLeE, JAMES W., 
deiphia. 


second vice-president, J. G. Brill Co., Phila- 


RAYBURN, A. 
Francisco. 


G., experimental engineer, Emory Winship, 
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REPLOGLE, JAMES B., consulting engineer, James B. Replogle Labo- 
ratories, Detroit. 


RICHARDS, WILLIAM, engineer and superintendent, Interstate Com- 
mercial Body Co., Inc., Paterson, N. J. 


RocersS, WALTER E., designer, Ohio Injector Co., Wadsworth, Ohio. 


RoLLo, WILLIAM SMITH, agricultural engineer, Government ‘of 
Burma ; professor of engineering, Agricultural College and Re- 
search Institute, Burma, India. 


Rose, Hans, metallurgist, Locomobile Co. of America, Inc., Bridge- 
port, Conn. 


RoTH, NICHOLAS, 
Chicago. 


mechanical engineer, Yellow Coach Mfg. Co., 


ROTHERT, HARRY, production manager, Ahrens-Fox Fire Engine 
Co,. Cincinnati. 


Rupe, T.. M., sales manager, Bundy Tubing Co., Detroit. 


SAMPSON, FREDERICK WILLIAM, student engineer, Continental Motors 
Corporation, Detroit. 


SANBORN, WaALDE H., 


service-manager, Star Service Station, Inc. 
Lawrence, Mass. 


SANDERS, R. C., 


laboratory assistant, 
Corporation, 


Motors 
Dayton, Ohio. 


General Research 


SARGENT, ALBERT M., plant engineer, C. G. Spring Co., Detroit. 


ScuLuss, K. C., superintendent of power and 


equipment, 
Sound Power & Light Co., Tacoma, Wash. 


Puget 


Spppon, WILLIAM, chief draftsman, 


Morris Motors, 
Oxon, England. 


Ltd., Cowley, 
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